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European Centre for Medium-Range Weather Forecasts

B Member States B Co-operating States Under negotiation

Independent %

intergovernmental organisation

Medium-range forecasts to 15 days ahead,
including early warnings of severe weather.

established in 1975 ;

with ¥
34 Member States ’ '
& Co-operating States

Early warnings interpreted and tailored to specific user needs
(including impacts); more detailed short-range (1-2 day) warnings.
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What is unique about weather & climate prediction?

(and why is it a perfect application for European technology leadership? )

1. European science leadership:

The European weather forecast model
already kicking America’s butt just

improved
Better will allow the d's b 1 1o improve local forecasts.
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2. Outstanding socio-economic impact:

AccuWeather predicts economic cost of Harvey, Irma
to be $290 billion

September 11, 2017, 11:06:46 AM EDT

It has been a destructive and costly hurricane season, following the historic
impacts from Hurricane Harvey and now Hurricane Irma.

This is the first time in the history of record keeping that two Category 4 or higher
hurricanes, Harvey and Irma, have struck the U.S. mainland in the same year.

"That is extraordinary by itself," Dr. Joel N. Myers, AccuWeather founder,
president and chairman, said.

"And also unprecedented is that this particular storm, Irma, has sustained
intensity for the longest period of time of any hurricane or typhoon in any ocean
of the world since the satellite era began," Myers said.
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Figure 4: Economic losses due to extreme weather event,
by decade and type ($ billion)
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3. Limited by HPC & BD capabilities:
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Position Mean Absolute Error [km]

The European weather forecast model

European leadership 22y kicking America’s butt just

improved

Better resolution will allow the world's best model to improve local forecasts.

ERIC BERGER (US) - 12/3/2016, 08:15
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Weather extremes — health extremes

51 forecast members, 5 hindcast members over previous 18 years

ECMWF ECMWF Di Giuseppe and Tompkins 2014:

RECM:MF. Monthly ensemble Systemn 4 seasonal “w e . l . . . h d . . k

eanalysis forecast (m1) forecast (m2-4) ... integrating climate forecast information into the decision-making
ety PN process will require extensive country-level evaluation of the system’s
to drive L4 . . . . . .

e A\ past performance, including cost—loss analysis of potential intervention

Calibration . . . .
malaria model - actions taken on the basis of the information. To carry out such an
to drive VECTRI . . . .
Oemicimatrs analysis adequately, improvements in the representation of model
miodlel autput
Ve nitslondtions | VECTRI uncertainty and increased ensemble sizes will be necessary...”
Malaria malaria model
Analysis

PR, vector
density, CSPR,
hydralogy

Cynamical malaria
mod & output

Malaria
Forecast

Predictive skill for anomalies of rainfall (blue), temperature
(red), malaria (green); no skill: black

T = Tamparalube
A = Rain
M = Malaria
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Weather extremes — health extremes

Future temperature in southwest Asia projected to : LETTERS

PUBLISHED ONLINE: 26 OCTOBER 2015 | DOI: 10.1038/NCLIMATE2833

exceed a threshold for human adaptability

Jeremy S. Pal'? and Elfatih A. B. Eltahir?*

OM =270
"I IND = 6.4
" AP=267
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RCP8.5 ensemble predictions cause life threatening wet bulb temperature regimes
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Weather extremes — energy extremes

< ECMWF

[Courtesy Pierre Pinson DTU]
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The grand forecasting
challenge:

Predict renewable power
generation, dynamic
uncertainties, and space-
time dependencies at once
for Europe

(...with a changing climate)
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— Accuracy
(cost: cubic)

< ECMWF

Computer power

Today
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HADGEM3
PRACE UPSCALE
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The importance of resolution

Impact on simulated tropical cyclones
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EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING
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The importance of ensembles

4 4 days advance
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The importance of Earth-system complexity

Urban area percechage
T
s
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Urban area Hin %o, from ECOCLIMAP,
Masson et al., 2003)

Mean absolute error reduction of
forecasts of tropical cyclones
intensity when ocean coupling is
activated.

Period May 2016 — January 2017.
Bars indicate 95% confidence
intervals.
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Can’t have it all?

e quadratic # grid points
* global communication

. . * memory limited . .
* multiplies entire model compute y » depends on spatial resolution

* multiplies entire model output Spatial resolution * strictly sequential
« different for atmosphere, ocean

Uncertainty ; :
Temporal resolution
assessment y /
* multiplies entire model compute ) * strictly sequential
* multiplies entire model output * time to solution (weather vs climate)
Replicates Simulated timescale
* number of prognostic variables
* memory limited
Dynamical coupling Number of processes
e communication of data between models Process resolution

* latency between models

* number of prognostic variables
* memory limited

[Smith et al. 2014]
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Sustained Teraflops

History of ECMWF HPC
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Divergence no.2: Earth-system model degrees of freedom — Moore’s law
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Expected data growth

30x more data sent to customers]

. , N per day in critical path
e \\ \/}, v

— RMDCN
= T Dissemination
Data acquisition % L
| | | L Internet
50x more observational =
data per day Forecast run gerzgratfc?on ; Web services Internet

25x more forecast product
[ 2000x more model data data per day in critical path

per time step

100x more data
archived per day

Today: ~2 Pbyte per week! |
Total archive: ~ 250 Pbyte | wenve  — G

l an Y
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Domain science

Multidisciplinary
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Future models
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description development
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on_edges( sum_reduction, v(), 1() ) / A()

Domain specific language (GridTools)

3 -~
29

4 OpenACC

-. F

memory layout,

narallelisation Programming Hardware specific
& data structure=s models & libraries instructions
- T— ——— — e — —
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< Better methodology:
Algorithmic flexibility

< Better computing:
Hardware flexibility
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Forecasting system redesign: exaFLOPS or extreme-scale?

ETP4HPC SRA-3 APPLIGATION HEQUIHEMENTS

HPG SYSTEM ‘ SYSTEM SOFTWARE ( ' H[I[iHAMMIN[i ENVIRONMEN MATHEMATICS &
ARGHITECTURE AND MANAGEMENT Including: Support for (‘) LGORITHMS FOR EXTREME
» ‘ extreme parallelism ‘ S[:M_E HPG SYSTEMS

HPC STACK
ELEMENTS

IMPROVE SYSTEM AND
ENVIRONMENT CHARACTERISTIC

SME FOCUS HPC USAGE EXTREME SCALE Including: Energy efficiency,

System resilience
EDUCATION AND THAINID EXPANSION REQUIREMENTS !
BALANGE COMPUTE SUBSYSTEM,

[0 AND STORAGE PERFORMANC

No. 1 focus areas of
weather&climate

DEPLOYMENTS

NEW HPC

community for

aCh ieving true F[: USAGE MODELS ‘ ig data, Data Analytics, AL, HPC in clouds
extreme-scale

performance EXTREME-SCALE DEMONSTRATORS
< ECMWF

No.1 focus areas of
weather&climate
community for
enhancing sustained
performance on

exaFLOPS machines
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Weather and Climate roadmap in H2020

| 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 |
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Future forecasting systems

M e~ ExtremeEarth

Science Co-Design Technology

Weather & climate Numerical modelling

Advanced mathematics & algorithms

Hydrology & water Data assimilation & fusion

Multi-scale/multi-physics models

Energy Deep learning

Separation of concerns methods:

science & technology

Food & agriculture Programming models

Software stack & hardware components

Disasters & risks Extreme computing & storage

End-to-end demonstrators

Health Edge and cloud computing
Solid Earth Workflows & data handling
Ultra high-resolution, integrated Earth- Integrated exascale Earth-system data
system & impact modelling capability analytics & management capability
Earth-system HPC technology Integrated Earth-system
and exascale capability information system capability
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ExtremeEarth Flagship proposal ‘1i

:. ﬂ ExtremeEarth
KO18K02: High-definition
Earth_system mode“[ng KO4: Impact & risk modelling
KO3: Observation-model fusion KO3: Observation-model fusion KO4: Impact & risk modelling
CO-DESIGN
Weather extremes - w Hydrology/flooding '3
S - - (\"'-:I::":\*_ﬂ_ﬁ_-.-s@!"- Environment
Climate extremes = —-r.-----‘i-,u;‘;é’ N Food/agriculture —~—
b 3 -
N .
o NN e Health
Volcanoes [ P 2‘5\— =% Atmospheric composition ™ — .‘._ ’
- W -
| ll hy e @‘ Propert
Earthquakes 3 A Energy E - EPpery
Future application
CO-DESIGN
KT1: Distribute extreme-scale KT2: Big data handling KT3: Integrated information
computing KT3: Integrated information systems systems
KT2: Big data handling
KT3: Integrated information systems
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ExtremeEarth Flagship proposal
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http://www.extremeearth.eu/

What is unique about weather & climate prediction?

(and why is it a perfect application for European technology leadership? )

1. European science leadership:

The European weather forecast model
already kicking America’s butt just

improved
Better will allow the d's b 1 1o improve local forecasts.
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e

2. Outstanding socio-economic impact:

AccuWeather predicts economic cost of Harvey, Irma
to be $290 billion

September 11, 2017, 11:06:46 AM EDT

It has been a destructive and costly hurricane season, following the historic
impacts from Hurricane Harvey and now Hurricane Irma.

This is the first time in the history of record keeping that two Category 4 or higher
hurricanes, Harvey and Irma, have struck the U.S. mainland in the same year.

"That is extraordinary by itself," Dr. Joel N. Myers, AccuWeather founder,
president and chairman, said.

"And also unprecedented is that this particular storm, Irma, has sustained
intensity for the longest period of time of any hurricane or typhoon in any ocean
of the world since the satellite era began," Myers said.
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Figure 4: Economic losses due to extreme weather event,
by decade and type ($ billion)
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3. Limited by HPC & BD capabilities:

Flow
simulation

Fully coupled
Earth system

e e

Model complexity

Error
Y propagation
Computing Coupling =
nterannueu k
X variability A
¥ (Sub-) seasonal 4}
L oiae eens,
Observation ewrmeuzons y
assimifation
Tropical
cyclonas y
Storms ]
Convection
Parameterization
>
Model resolution
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