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History of Supercomputing at NCAR

mmm CraySystems
s Non-CraySystems Cray XT5m/912 (lynx)
IBM p6 p575/4096 (bluefire) m——m
IBMp6 p575/192 (firefly) nmm——
IBM p5+p575/1744 (blueice) mmmmm
IBM p5p575/624 (bluevista) msssmm
Aspen Nocona-B/40 (coral) mmmms——
IBMBlueGene-L/8192 (frost) mmmmm
IBM BlueGene-1/2048 (frost) msssssssssssns
IBMe1350/140 (pegasus) mmmmms
IBM e1350/264 (lighthing) s
IBMp4 p690-F/64 (thunder) s
I1BMp4 p690-C/1600 (bluesky) W
IBMp4 p690-C/1216 (bluesky) wm
SGIOrigin 3800/128 (tempest) M
Compaq ES40/36 (prospect) mssm
IBMp3 WH2/1308 (blackforest) s
IBMp3 WH2/604 (blackforest) msm
IBMp3 WH1/296 (blackforest) wm
Linux Networx Penfum-I/16 (tevye) mssssssns
SGI0rigin2000/128 (ute) EE——————
CrayJQOseQA(_ch'peta) I
Marine St. Mesalabl Mesalabll stxéw;‘stgg) —
Cray J90se/24 (ouray)
Cray J90/20 (aztec) m———
Cray J90/16 (paiute) m——
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Cray Y-MP/8 (Shavano)
TMC CM2/8192 (capitol) s
Cray X-MP/4 (CX) me—
Cray 1-AS/N 14 (CA)
Cray 1-AS/N 3 (C1) /o —
1

Red text indicates those systems that are currently in operation within the
NCAR Computational and Information Systems Laboratory’s computing facility.
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FourCastNet is a physics-informed deep learning model
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DGMs)
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a Temporal consistency
> Random [ Temporal i
x18 > crop lp| discriminator
Observation Real/fake !
Z, Spatial consistency

e 0 e, D)
adar > discriminator

™| generator > _frames > 1
<4 Real/fake 3

Context Sample consistency

O Trained DL module th'id cetll
—> Ngenerated samples  Lp| mean ] SOV 2"
—» Observation

(Ravurletal
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Nature, 2021)
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(Han et al., JAMES, 2020)

Inputs

e S WRES

Units for normalization

Outputs

dgy . 5. (to,t—1, t—2, t—3, 14, 2)
dTy s, (to,t—1, t—2, t—3, L4, 2)

Qv (tot—1, L2, 3,4, 2)
T (to,t—1, t—2, t—3, L4, 2)

SLHF
(to, trs b2, t3, ta)

CPF(ro, oy b2, sy £-0)
Py(to,t—1,t—2t—3,t—2)

dgy (1, 13, t_3, 14, 2)
dT (t—y, t—2, t—3,t4,2)

qi (t—1,t—2,t_3,t-4,2)

g (-1, t2, t_3,t_4,2)

3. convlD, 128

ResUnit1

ResUnit2

ResUnit9

ResUnit10

Activation (ReLU)

1.5%x 10" gkg/kg/s)
2.5 %103 (K/s)
2.2 %1072 (kg/kg)
323 (K)

3.1 x 10~ (kg/kg/s)

6.5 107" (K/s)

1.05 % 10° (Pa)
2x107° (ke/ke/s)
2.5 % 10 3 (K/s)
3.5%x10" (kg/kg)
9.3 x 10~ (kg/kg)

dgy (to, 2)
dr (to, 2)
qi (to, 2)
. (to, 2)

Activation (ReL.U) -
g
3, convlD, 128 =
o
=
Activation (ReLU) =
S
=
3, conviD, 128
—

3.,convliD, 4

Activation (tanh)
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(b) spcam Cloud Ice
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Current NWP workflow Hybrid NWP-ML/DL End-to-end DL workflow
(Operational) workflow (Suggested)
(Work in progress)

input ‘ meteorological observations (WMH émﬁom, radiosondes, satellitc;s, o))

selection of observations

. selection of observations selection of observations
=PI 11, - I
pre-process g / for data assimilation for data assimilation and feature engineering
data preparation and feature engineering
pre-processed data
initial conditi . .
conditions | gheep ileu:al petv;ork: I %n ﬁ[ﬁ ﬁ ;\ E& /f ‘E
L rect mapping from k
o 4o parameterisation deep neural network or . . = h
predlctlon dynamical ( of non-resolved hybI:i d NWP-DZ model . observations to specific EI
core processes | forecats products I
gridded forecast fields | |
e CREMRTV3.0hR AR
E BERT\3.0
end-user forecast products |

R

evaluation o R e . HYEIK YIRS

"Can deep learning beat numerical weather prediction?" Philosophical Transactions of the Royal Society A
379.2194 (2021): 20200097
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Data-Driven\

FourCastNet

D N
eepONet MetNet

Hybrid! Physics-informed

Fourier Neural Operator

Physics-informed

NNCAM PINNs and it’s family

Geometry Deep Learning
Small data Some data Big data

n

Data Physics-guided architecture

L Physics

Lots of physics Some physics No physics

"Can deep learning beat numerical weather prediction?" Philosophical Transactions of the Royal Society A
379.2194 (2021): 20200097
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MetNet by Google

Structure

Temporal Encoder Spatial Aggregator

A Nl e, ). <>

Conv LSTM i el pial

Output for T min

Q=@

102.4mm/h Apply
thresholds

0.0
Attention Attention

Initial Conditions Ensemble of Predictions
{¥15-+5¥Ym}

G .l
A . N _ ")
GOES-16 visual bands
Ground Truth MetNet HRRR GOES downsampled
Sample 1
- GOES center crop
MRMS downsampled
Physics Simulation
MRMS center crop
Elevation Input Data Predictive Distribution
Longitude and latitude pyix)

Month, day and hour DNN, (%)
Target time |
(in minutes) X - 3
—90 min 0 min

Ty——mm> 1T,
Neural Network Forward Pass

"Metnet: A neural weather model for precipitation forecasting." arXiv preprint arXiv:2003.12140 (2020).
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FourCastNet by NVIDIA

h Y

Output (time = t + At)

(a) AFNO architecture

Channel Mixing j

Spatial Mixing

f f f f t

f I A f f
P i B " g 4.. . 2
s [ .‘} A O / - S|
P
t
Input (time = t)

U, longitudes

(b) Fine-tuning

Xirue(h+2)

X(k) AFNO
lel lel
mode X(k+ 1 mode X(k12)
(c) Precipitation model
Purue(k+1)
X (k) AFNO AFNO
(backbone*) (k+ 1 (precip.)
*Pre-trained and

fine-tuned AFNO
model with frozen
parameters,
detached gradients

(d) Inference

AFNO
X (k) (backbone)

X(k+1)

AFNO
(precip.)

o {FFH10FERALNE

o DHRER0.25F

e LEIFSHRI\1R45,000 &5

e £ Typhoon#]Atmospheric
Riverfiifz L R RIF

o HBERXITRDY
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"Physics-informed machine learning." Nature Reviews Physics 3.6 (2021): 422-440.

Inductive bias

A

1

Physics-informed machine learning

l

Conservation laws

Learning bias

Dynamics
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