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Modelling and Simulation
Al
Visualisation
A Digital Twin Earth
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IFS, 1.4km global run on Summit
Cloud and streamlines generated in ParaVie
Data courtesy of Nils Wedi, ECMWF
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EARTH SYSTEM MODELS PROVIDE THE DATA

Physical models are as important as ever, and more accurate simulations are needed.
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Cloud resolving weather Phy51cal models: floods, flres glaciers,
e 3 ~ tsunamis, storms

and climate models b

http://phys.org/news/2015-12-ncar-wildland-colorado.html
https://oceanservice.noaa.gov/hazards/hab/east-coast.html 4 &EAnvinia.



http://phys.org/news/2015-12-ncar-wildland-colorado.html
https://oceanservice.noaa.gov/hazards/hab/east-coast.html

ICON Strong Scaling on Large GPU Systems

QUBICC - R02B07 - 20km

5 dynamics substeps, horizontal diffusion and
transport, graupel microphysics, vertical diffusion and
JSBACH land; and RTE-RRTMGP radiation

Using internal timer report for values, excludes 10

GPU results are with NVHPC 21.2 except Piz Daint
(PGI 20.1 is the latest there)

CPU results use Intel compiler and best values of
ranks per node, nproma and radiation chunk

m Dynamics

® Radiation

m Coupling

m Transport

m Vertical diffusion

®m Horizontal diffusion
m Graupel

Time distribution per step on 2xEPYC 7742

Max-Planck-Institut

filr Mateorologie c MeteoSwiss
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o 0.5 /\Piz[;iint
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£ 03
=02 TN —
0.1
0 64 x A100-80GB = 1024 x P100 (16x)
24 32 64 96 128 256 512 1024
PEs (CPUs or GPUs)
—e—Piz Daint (P100) JUWELS (A100-40GB) =e=Selene (A100-80GB)

AMD EPYC 24-core CPU=e=AMD EPYC 64-core CPU

Source: NVIDIA, March 2021 Dr. Dmitry Alexeev
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MPAS GPU Scalability on ORNL Summit . Bnear

Strong Scaling MPAS-A Moist Dynamics:
(56 levels, SP)at 3, 5 & 120 km .

100 7

——Xeon v4 nodes (10 km) Higher
—+—6xV100/ACg922 (10 km) Beltster
——-6xV100/ACg22 (5 km)
——6xV100/AC922 (3 km) 10km GPU
"
. 1 yr/day

Days/Hr
o

/ 10km CPU 5km GPU
f / 3km GPU

s S

1 1 1 1 T T
4 16 64 256 1024 4096

Number of GPUs or dual socket CPU nodes

An Implementation of MPAS-Atmosphere Running on GPUs [PDE (1MB)]

AMS 2020

12 — 16 Jan 2020, Boston, USA

An Implementation of
MPAS-Atmosphere
Running on GPUs
Dr. Raghu Kumar, et al.

ORNL Summit GPU
system (V100)

NCAR Cheyenne CPU
system (BDW)
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https://www.hpcwire.com/2019/01/09/ibm-global-weather-forecasting-system-gpus/

ECMWF Scaling on ORNL Summit ~2000 Nodes

Batched matrix multiplication: speedup in ESCAPE1 dwarf

10000
1000 -—Roofline
2 o
o 0.0171s (23x) | 4 TL159 Before
Y 100 Optimization
E © TL159 Optimized
"E © TL159 Optimized
a, 10 A (Kernels Only)
2 0.380s (1x) = TL159 Optimized
- . (Matmult Only)

0.1 1 10 100

Operational Intensity (Flops, Byte)

+ added zero operations increase operational intensity
« overall huge speedup
* should also have strong positive effect on strong scaling

c EC MWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

https://www.ecmwf.int/en/about/media-centre/science-blog/2019/oak-ridge-leadership-computing-facility-user-workshop-2019

runtime per timestep

TCO3999 (2.5km)

100

in seconds

0.01

— perfect scaling
# |BM Power9 CPUs
* NVIDIAV100 GFUs

240

480 960 1920
number of nodes

20

< ECMWF

Spectral Harmonics
Dwarf = 23.7x

Batched Legendre
Transform (GEMM)
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https://www.ecmwf.int/en/about/media-centre/science-blog/2019/oak-ridge-leadership-computing-facility-user-workshop-2019

WRF Scaling on ORNL Summit 4096 Nodes

Summit Scaling
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Data limited!

Mesh size (128 levels) Gridpoints (B) Input (GB) 24hr, 1hr history (GB)
100
NUMBER OF NODES

1024x1024 0.13 9.4 242
2048x2048 0.54 37.6 966
100m LES CONUS, 128 levels, 550 Billion Cells L2
8192x8192 8.59 601.3 15,462
16384x16384 34.36 2,405 61,848

m » THE WEATHER RESEARCH & FORECASTING MODEL SRS U7 2] SR
65536x65536 549.8 38,483 989,560

<A NVIDIA.




NVIDIA’S GRACE CPU
An Arm GPU for Giant-Scale Al & HPC

NVIDIA GRACE CPU

Purpose-Built to Train the World's Largest Models

9 <ANVIDIA.



CSCS Next-Gen HPC System Based on Arm + GPU

CSCS MIGRATION FROM
PIZ DAINT TO ALPS

20 Exaflops of Al

Accelerated w/ NVIDIA Grace CPU and
NVIDIA A-NEXT GPU

HPC and Al For Scientific and
Commercial Apps

. . & Cscs —1
Advance Weather, Climate, and Material \“,‘ e i Hewlett Packard <ANVIDIA
SC] ence - Swiss National Supercomputing Centre Enterprise

10 < NVIDIA.



HYPERSCALE CLIMATE MODELS ?

A cloud-resolving climate model will require 10 million times the performance

11 <ANVIDIA.






DATA-DRIVEN MODELS FOR INTERACTIVITY

Data driven models provide the speed and interactivity needed to explore what-if scenarios
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ATOS: FULL-MODEL EMULATION

Million:1 speedups of weather and climate simulations

Purely data-driven medium-range weather Stephan Rasp Nils Thuerey

Department of Informatics Department of Informatics

forecasting achieves comparable skill to physica] Technical University of Munich Technical University of Munich

Munich, Germany Munich, Germany

models at similar resolution stephan.rasp@tum.de nils.thuerey@tum.de

a) 500 hPa geopotential a) 850 hPa temperature
geop P 1 day

= QOperational

e |FS T63 (210 km)

= |FS T42 (310 km)

-~ direct (ERA only)

—&— direct (pretrained)
cont. (ERA only)
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—
n
&
-
&
w
7}
=
[°4
(=
o
un
N

Forecast time (days) Forecast time (days)

C) 2 meter temperature d) 6h precipitation

o

T2M RMSE [K]

2 3
Forecast time (days) Forecast time (days)
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ATOS: WHOLE-MODEL EMULATION

Large ensembles improve prediction of extremes

color = max wind (kt)

Ensemble Prediction: Hurricane Florence Ensemble prediction, Surface Pressure

15 <A NVIDIA.



ECMWF AND NOAA

Pre-operational Automated Tropical Cyclone Detection

Input field at t=0 Input field at t=0

Prediction example (High-Res data, 0.25°)

Training: ~27 years in
range [1990-2018]

Validation: 3 years [1999,
2009, 2019] PWC: 2020-10-06 21:00

90 600 800 1000 1200 1400 950 1000 1050 1100 1150 1200

Cosine labels + MSE loss Ground truth Ground truth

Run time: ~4 days on Chan-Hom,

14GPU’s =2

model loss Norbert

0[14.35, -106.75]
11885, -83.98] 11882 83987
2 [24.90, 136.55] 2 [24.90, 136.55]

%00 000 800 1000 1200 1400 950 1000 1050 1100 1150 1200
Prediction Prediction

vi & 1)

011913, 54 40) (Ex-Marie) YrmTYTy
[ 1[24.55, 136.28] 455, 136 28]
2[22.70, -135.38] ;
100 120 140 160 180 200 3[14.64, -106.54] 2.70, -135.38]

epoch 4 64, -106.54)
0 200 400 600 800 1000 1200 1400 950 1000 1050 1100 1150 1200

PN
et ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 7
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DKRZ AND U-BERLIN

Nature Geoscience: Using NVIDIA’s In-Painting to reconstruct missing climate data

Artificial intelligence reconstructs missing climate
information

Christopher Kadow ©'2%, David Matthew Hall®* and Uwe Ulbrich©?2

Original (ground truth) —»  Masked with missing values —> 20crAl reconstruction cmipAl reconstruction

Pacific [
example

56th
member m

Cold
Pacific
example

= o

5 x 5° (remap) Anomalies (61-90) Input for Als Output composition Output composition

17 <A NVIDIA.



Improving Data Assimilation through Tem

Training Results: time series
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NN input

2020-03 2020-04 2020-05 2020-06
Date

NN input

2020-03 2020-04 2020-05 2020-06

NN input

2020-03 2020-04 2020-05 2020-06

2020-03 2020-04 2020-05 2020-06

model state

ECMWF AND ATOS

2020-02

202002

2020-02

2020-03 2020-04 2020-05 2020-06

2020-03 2020-04 2020-05 2020-06

2020-03 2020-04 2020-05% 2020-06

NN outout
NN output

2020-03 2020-04 2020-05 2020-06
Jate

itted bias

perature Bias Correction

NN validation

2020-02 202003 2020-04 2020-05 2020-06

— s

0.4

NN validation

0.2
0.0

-0.2

2020-02 2020-03 2020-04 2020-05 2020-06

2020-02 2020-03 2020-04 2020-05% 2020-06

2020-02 2020-03 2020-04 2020-05 2020-06

NN prediction for bias

18
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PHYSICS INFORMED NEURAL NETS

SimNet and FNOs can be used to improve the efficiency of data-driven models

& 4o A NN .
SIIMNET: Physics Informed Neural Nets Fourier Neural Operators

19 <A NVIDIA.






OMNIVERSE FOR AN INTUITIVE INTERFACE

Interactive, Intuitive, Real-time, Flexible, Collaborative

Omniverse Marbles Demo Omniverse Weather Demo

21 <ANVIDIA.



Content (OLD) Console

Viewport

¢ W« Perspective @ RTX Path-traced ®

Y

2

Test Runner

v @B Earth_3D

m Blend_files

il cloud_USD '
B Displacement_42K

® Earth_displaced_USD

B Earth_textures_16k

B Earth_textures_21K

B Earth_textures_6K

Bm OR.)

Movie Capture Old
< » This PC/[Downloads]/EARTH_3D/Earth_3D/USD

Filename v

ST LIVUUS_SUULO_SUUU I_S11IUULILUSY
»# clouds_subdL3_str020_smooth.usd
=# clouds_subdL3_str020_smooth_v2.usd
=# clouds_subdL4_str002_smooth.usd
»# clouds_subdL4_str003_smooth.usd

»# earth lower disn oria usd

Type
usv

usbD
usD
UsD
usbD

Hicon

T&

Size
841.61 MB

540.21 MB
540.22 MB
1.04 GB
1.04 GB

707 1E AMD

& Omniverse Kit 101.0.0-aaef7c4d-master - C:/Users/sam/Downloads/EARTH_3D/Earth_3D/atmosphere_earth_clouds_PBR_hires_with_disp_clouds.usd*
File Edit Create Window OmniGraph Physics Rendering Testing Extensions Flow Utilities Help

Earth Atmosphere Extension
/World/Looks/earth_atmosphere_shadei
/World/Looks/inner_earth_shader/

/World/Looks/fresnel_clouds_shader/

/World/DistantLight
Distant Light Rotation 375.000
Sun Position [DEBUG] 0.052
Cam Position [DEBUG] -2637.401

Start Daylight Animation
+/ Enable Atmosphere

-183.000
0.258

1590.292

0.000

-0.965
444.520

- e = Root Layer
FPS: 29.90 FramE‘ti;ne: 33.45ms

* “pathTracing: 238/512 spp.-8.01 sec
bo" ‘g@ximl

Layer
Search

Name

Stage RTX Settings

8 L World (defaultPrim)

T N

Property

Fresnel

clouds_displaced_subdivL4_height003
Looks
& @ fresnel_clouds_shader

® moon_material
@ @ core_material
& @ inner_earth_shader
£ Shader
2 @ ecarth_atmosphere_shader_v2
&P Shader
'@ DistantLight
transparent_clouds_sphere
moon
:.: DomeLight
earth_inner
earth_outer_atmos

earth_axis

Details

Cutoff

Camera Position -2637.401

V¥ Opacity

Enable Opacity
Enable Opacity Texture
Opacity Amount

Opacity Map

Opacity Mono Source
Opacity Threshold

V Clearcoat
Enable Clearcoat Layer
Clearcoat Tint
Clearcoat Transparency
Clearcoat Roughness
Clearcoat Weight
Clearcoat Flatten
Clearcoat IOR

Clearcoat Normal Map
Strength

Clearcoat Normal Map

¥ Normal
Normal Map Strength

Normal Map

|

Earth_textures_21K/cloud_combined_Colour.jpg

Color Space: raw

mono_luminance

R:1.000

Color Space: auto

CACHE: - LIVE SYNC: OFF é»
=
@ Type
@& Xform
@ Mesh
@& Scope
Material

Material
Material
Material
Shader
Material
Shader
@ DistantLight
¥> Mesh
@ Mesh
@& DomeLight
& Mesh
&> Mesh
& Mesh
50.000
1590.292 444.520
1.000 |
| J(ag
v
v
0.000
G:1.000 B:1.000
1.000
0.675 |
0.234
1.000 |
1.560
1.000
[ Nat
v
0.000
| J(ag



Atmospheric Simulation Data in Omniverse
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File Edit Create Window Physics Testing Rendering OmniGraph Flow Extensions Animation Utilities Help

Content  Console  TestRunner  Movie Capture Old TimeSample Editor
h Y. 8  comera (selected)
Time Codes Per Second:  24.0
Layer Offset:
Layer Scale:
¥ ANIMATE TRANSFORM
¥ xformOpransiate
xformOpitransiate  Enable Xform Spline | Add Key Remove All Keys

¥ xformOp:rotateZYX

xformOp:rotateZYX  Enable Xform Spline | Add Key ~Remove All Keys
¥ xformOp:scale

xformOp:scale  Enable Xform Spline | Add Key ~Remove All Keys

LY ]

Playing through Scenarios with Real Time Physics

Sun Sky Sync
Go to online help
/DistantLight
/Looks/NishitaSky/
IMow/flowRender/
Update Paths
Y-axis up
+ Link sky sun to distant fight sun
 Link cloud self shadows to sky sun
 Update cloud color (Flow sim must be playing)

DistantLight Rotation 137.000
Sky Sun Direction 5736
Animate Sun

145,000
5.587

0.000

2 Root Layer

FPS: 9.99, Frame time: 100.12 ms
PathTracing: 73/200 spp : 7,04 sec
1280x720

—~—

WHAT IF?

File Edit Create Window ¢

CACHE: O/ [j  LIVESYNC: OFF & ph Physics d

Stage Layer  Post
Path-Traced Mode Settings
¥ Path-Tracing

Reset PT Accum on Anim Time Change

Enable Fractional Cutout Opacity
Max Bounces

Max Bounces for Specular and Transmission

Max Volume Scattering Bounces

samples per Pixel per Frame (110 32)

Total Samples per Pixel (0 = inf)
Enable Firefly Filter
Max Ray Intensity Glossy
Max Ray Intensity Diffuse
Enable OptiX Denoiser
OptiX Denoiser Blend Factor
Temporal accumulation
Anti-Aliasing Sample Pattern
Anti-Aliasing Radius

¥ Multi-GPU
Enable Multi-GPU
GPU 0 Weight
Compress Radiance
Compress Albedo
Compress Normals.

» Light Sampling

Property Details
Camera (selected)

¥ Transform

Position (i 209.067

Rotation (il 95.80"
Scale ® 1.000
¥ References

/Camera

instanceable

¥ Camera Properties
clippingPlanes

clippingRange

focalLength

focusDistance

fstop.

horizontalAperture
horizontalApertureOffset
projection

purpose

shutter:close

shutter.open

sbaranbata

perspective

default

Viewport
"’" £ W« Perspective @ RTXReal-time @

Reset

‘ O Recording has started

1 Reset

200 Reset

3200.000 Reset

3200.000 Reset .

Triangle v Reset I l

[ ] 125,908
] 37.54'
[ ] 1.000

4418

356,46

ar
Q

1.000 10000000.000
11.148
0.000 z

0.000 %Y

X
20.955

0.000

Content (OLD) Console Test Runner

< >

Movie Capture Old

v & Omniverse
& localhost (signed out)

0.000

0.000
& ov-hpeviz (mathiash)

= 1804
NG D) NG 0 '3

Testing Flow Utilities Help

Search

£ Root Layer

T

CACHE:

Layer Stage RTX Settings
Search

Name S -

"™ Sea_plane
2 & terrain_4M_stage

Looks
2 2 terain
™ mesh

:.: SphereLight
2. power_plant
2 L Smoke_plume
™ flowEmitterSphere
2 W flowSimulate
2 ™ flowRender
& ™ rayMarch

| flowEmitterBox
™ flowEmitterSphere_01
[+] 1 green_yellow_streamlines

" Plane

Property Details

cloud (selected)
» References

¥ Other
ambientColor 0.400

ambientMultiplier

attenuationMultiplier 8.600
densityMultiplier

enableCloudMode
numShadowSteps

shadowStepMultiplier

sunDirection -18.900
volumeBaseColor 1.000
volumeColorMultiplier

¥ Metadata
Kind

OFF B LIVESYNC: OFF &

900000

)

@

0.550
1.000
9.300
0.700

10
17.500
-13.400
1.000
1.800

b £

Type

Mesh

Xform

Scope

Xform

Mesh
SphereLight
Xform

Xform
FlowEmitterSphe
FlowSimulate
FlowRender
FlowRayMarchPz

FlowEmitterBox
FlowEmitterSphe
Xform

Mesh

0.900

9.050

1.000
0.950

24
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MAJOR CLIMATE-MODELING INITIATIVES
Destination Earth, VULCAN, CLIMA, LEAP

Destination Earth Al2 Climate Model CLIMA LEAP

Allen Institute for Al

Columbia University

26 <A NVIDIA.



DESTINATION-EARTH

Project DestinE envisions what Earth-system modeling could be

Intuitive User Interface What-if Q & A Storm-resolving Models Unified Observations Exascale Compute

T \EARTH

THE LIVING PLANET

(LASSICS vl

Jut
SRRLTTTT
BRI L)

\ULNRRNRAND

RRRRLLLLLL

https://visgallery.ucar.edu/global-weather-simulated-by-a-cloud-resolving-weather-prediction-model/
https://www.planet.com/qgallery/

7 <ANVIDIA.


https://visgallery.ucar.edu/global-weather-simulated-by-a-cloud-resolving-weather-prediction-model/
https://www.planet.com/gallery/

DESTINATION-EARTH

NVIDIA has the technologies needed to make this vision a reality

Intuitive User Interface What-if Q & A Storm-resolving Models Unified Observations Exascale Compute

) OMNIVERSE
’ ; NG _ % ;-.’«: * ":.; ' A { C U DA SINVIDIA.
G e, | \ - L
OMNIVERSE Al / SIMNET / FNO OV NUCLEUS SERVER Superpod + Grace CPU

https://visgallery.ucar.edu/global-weather-simulated-by-a-cloud-resolving-weather-prediction-model/
https://www.planet.com/qallery/
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https://visgallery.ucar.edu/global-weather-simulated-by-a-cloud-resolving-weather-prediction-model/
https://www.planet.com/gallery/

SUMMARY

HPC Modelling and Simulation is key for determining
future extreme events

Data driven models provides quick answers for what-if
scenarios

Visualisation provides insight into our data, both models

g

and observations R e e e

o 8 OO

L -
2 .é *'.._"

. »,
L e

Combining all of these together into a digital twin can
provide a platform for improved climate science

NVIDIA has the tools and capabilities to tackle all of
these aspects.

29 <ANVIDIA.
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