Why the future of weather and climate prediction

will depend on

supercomputing, big data handling and artificial intelligenc
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European Centre for MediusRange Weather Forecasts

I Member States B Co-operating States Under negotiation

Independent %

intergovernmental organisation

established in 1975 ,

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

with Sy
22 Member Statesa’ .
12 Ceoperating State

Early warnings interpreted and tailored to specific user needs
. (including impacts); more detailed short-range (1-2 day) warnings.
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Anomaly (°C)

Operational Predictions

S« 2% 9km global highresolution 1Gday forecasts per day
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« 51x 64km global low resolution month forecast per month
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1St medium-range forecast 1 August 1979

Then: 01/08/1979 12z, 21000, t850

Temperature at 2m (C, bold colours: <5C >80%) N.America

Now: ERA+50M ENS, 01/08/1979 12z, z1000, tZam,
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Precipitation (mm/24h, bold colours: >1mm >50%) Europe
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European Commission Copernicus Services

Gpernicus Few@nr@ MEE

Europe's eyes on Earth

. . H C i Servi
What is Copernicus ? TI0me > Lopermicus Services

Copernicus Services Cupernicus Services

Copernicus services address six main thematic areas:

@

Marine Environment
(CMEMS)

Infos & Opportunities

Tenders & Grants

S @

Atmosphere

Hosted by
ECMWF

Supported by
ECMWF —

Climate Change ergency Managemefit
(C35) (VEMS)
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Impacts are an integral part of prediction

‘/"T— ~ - A
' i Vegetation /—\ Forest fires

stress

Example Russian heat wave 2010:

Heat wave &
drought

Barriopedro et al., 2011,
Science

-
RN e

Crop fallure ;‘

-

2010 AN
500 hPa Hgt/Wind <70
"

Wheat prices

Dole et al., 2011., Geophys Res. Let ‘e,

High atm pressure & v M e
Climate change
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Fire extremes

The grand forecasting
challenge

Predict loss of carbon
uptake, COt release and
Impact on climate
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Energy extremes
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Power injection [MW]

The grand forecasting
challenge

Predict renewable power
generation, dynamic
uncertainties, and spaee
time dependencies at onc
for Europe
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Health extremes

. . . flafure LETTERS
Future temperature in southwest Asia projected to climate change

exceed a threshold for human adaptability RCP8.5 ensemble predictions cause life
Jeremy S. Pal'? and Elfatih A. B. Eltahir2* threatening wet bulb temperature regimes
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The grand forecasting challenge
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Among other
appointments, captain of
HMS Beagle, hosting
Charles Darwin on his
South American voyages

< ECMWF

A bit of history: First attempts

ViceAdmiralRobert Fitzroy(18051865)

Tines.

(Letter to theTimes 1859)
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A bit of history: Numerical

Cleveland Abb€18381916), Meteorologist:
A Weather observation and basics of prediction

MBPAMY G ¢KS LIKeNEAWAES 306SH &iAKES NEntfy2inyied réviewk

Vilhelm Bjerknes(18621951), Physicist und Meteorologist:
A Interaction between dynamics und thermodynamics
A Weather diagnostics, followed by prognoses

MdanyY &5 aWettdhBbridrsSgebetradhitedvom Standpunkteder
Mechanikund derPhysik eteorologischeZeitschrift

Lewis Fry Richardsof18811953), Physicist, Meteorologist, Psychologist, Pacifist:
A Basics ohumericalweather prediction
A First explicit calculation of weather on 20 May 1910

MBPHHY d2SIFEIKSNI LINBRAOGOAZ2Y o0& ydzYSNAOQOF
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Wirbelstiirme und Gewitter

gehalten in Hamburg

< ECMWF

A bit of history: Helmholtz lecture

T ~ar .
Vortrag

des Gesetzes zu fangen. Wenn der Astronom entdeckt, dass
eine Sonnenfinsterniss 600 Jahre vor Christo um fiinf Viertel-
stunden falsch aus seiner Rechnung hervorgeht, so verrith ihm
dies bisher noch nicht gekannte Einfliisse von Ebbe und Fluth
auf die Bewegung der Erde und des Mondes. Der Schiffer
auf fernem Meere controlirt seine Uhr nach den ihm voraus-
gesagten Augenblicken, wo die Verfinsterungen der Jupiters-
trabanten eintreten werden. Fragt man dagegen einen Meteoro-
logen, was morgen fiir Wetter sein werde, so wird man durch

1875 die’ Antwort jedenfalls erinnert an Biirger’s ,Mann, der das
Wenn und das Aber erdacht¥, und man darf es den Leuten
kaum verdenken, wenn sie bei solchen Gelegenheiten lieber auf
Hirten und Schiffer vertrauen, denen die Achtsamkeit auf die
Vorzeichen der Witterung durch manchen Regen und Sturm
eingepeitscht worden ist?).
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A bit of history: Computing

John von Neumani(19031957), Mathematician:
A Function theory, abstract algebra, quantum physics
A Leader of Electronic Computer Project (155

JuleCharney(19171981), Meteorologist:
A Set of equations for numerical prediction of planetary waves

A Founder of theory obaroclinicinstability

Electronic Numerical Integrator and ComputdeéNIAC)
A 140 kw, 30 tons, 18000 therrdonic valves
A 1-layer model, resolution 4000 km, over North America

A Single 2our forecast needed 24 hours compute time

NOKIA

_ The same prediction neededsecond
on a Nokia 6300 mobile phone (2006)!
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A bit of history: Foundation of Chaos Theory
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Forecast error..’,

Analysis error
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Analysis
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Ed Loren£19172008), Mathematician, Meteorologist: Shakespeare
A Impact of initial conditions on forecasts in nbnear systems GF2NI glyd | yEFAtZ 0

for want a shoe, the horse was lost.
for want a horse, the rider was lost.
for want a rider, the battle was lost.
F2NI glyd | oFdaftSs

A Founder of chactheory
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Reliable prediction of extremes 2 weeks ahead

Ensemblebased Extreme Forecast Index (EFI) forecast

Ensemblebased probability of 24hour where the ensemble forecast distribution differs
precipitation in excess of 5 mm substantially from the model climatological distribution
for 2-metre temperature, 10metre wind gusts and
precipitation
5 _~ | 60°E 60°E
aow | aow |
aoe 40
R ) 30°N ...................... . ¢
20°W 0° 20°E
C T
5 35 65 100 -1 -0.75 -0.5 0.5 0.75 1 0.6 0.8 1 0.6 0.8 1
%) 2 m temperature EFI 10 m wind gust EFI Total precipitation EFI
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Reliable prediction of extremes 4 weeks ahead

ANALYSIS

60°W 30°W
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Summer heatwave over Europe:
2m Temperature,
/ Mayc 12 August 2018
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Position Mean Absolute Error [km)]

The European weather forecast model

E u ro p e an I e ad e rS h | p already 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

NATIONAL . c fo greater

World leadership in Europe but still far away et |
from sufficient accuracy and reliability! |

800 UA'bany Generjted: 08-Sep-2017 10:47:00ET
700 ‘
Why Are Europeans Better at
Predicting Weather?
600 9 Wednesday’s snow no-show in Washington was another misfire by U.S. forecasters.
Il AVNO
x 7 - CMC By Peter Miller, for National Geographic News
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400 — (RO v Attimes during Harvey, the European
: = o model outperformed humans
be 9 T
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g 12 24 48 72 % 120 Are Europeans Better Than
Foracastl.and el Americans at Forecasting Storms?
A European and U.S. models ﬁ'sq.uenﬂ)' make djf.ferent prsd.i.ctlous al‘mut weather and storm
— Ec MWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECAST tracks, including that of Hurricane Joaquin. Here's why

Enlarge / Which model did the best job of forecasting Harvey has a hurricane? The European model, of course.



Euro Vs. GFS: The Weather
Model Wars Take A New
Turn In March

s

: Marshall Shepherd Senior Contributor @
Science

I still don't get it. If you follow the meteorological
community or weather enthusiasts on Twitter, there is a level

of hyperventilation (and vitriol) at times when it comes to

the debate about what weather model is better: European

[ [l * * ERIC NIILER SCIENCE D02.1S.18 08:00 AM
"Euro" or American. It is well documented that t] : ;

model (run by the European Center for Medium- THE GO\ ERNMENT S NE\N
Weather Forecasts or ECMWF) has historically p

better than the American model, Global Forecast \N EATHER MODEL FAGES A
System (GFS), run by NOAA. In 2013, Jason Sam

this in the Washington Post after Hurricane San STORM OF PROTE ST

Last year, criticism began to emerge concern

inferior accuracy of the NWS’s Global Foreca

2012. Normse

< ECMWF

€he New York Eimes

A Software Upgrade (After 40 Years)
Aims to Improve U.S. Weather Forecasts

“We are confldent the upgrade will provide an overall
improvement,” Dr. Gross said. Specifically, he added, it should help
produce more accurate forecasts of temperature and the amount of
rain and snow.

" Among other improvements, he said, the new model should more
“#  accurately reflect changes that occur between daytime and
Aview of H' hiohtime. As for hurricanes, he said, the upgrade should help
improve forecasts both of a storm’s track and its intensity. r

The upgrade is part of a series of improvements that were
undertaken after Sandy. In addition to improving the software,
more computing power was added. The European model also had
the advantage of vastly greater number-crunching capacity.

For more news on climate and the environment, follow @NYTClimate on Twitter.
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per disaster type 1998-2017 Breakdown of recorded economic losses (US$)
per disaster type 1998-2017

B Earthguzke
W storm
B Extreme temperature
M Flood
B Drought
s ) M Landslide
5 6 /ﬂ B wildfire, Volcanic activity, Mass movernent (dry)

747,234 deaths

US$ 124 billion

> 1.3 million fatalities
> 2.9 trillion US$ losses

2%
UUS% 68 billion

UN Report published on 10 October 2018 by: § B

SRR US% £ billion

m Centre for Research on the f?y;) U N I S D R

- ' Epidemiology of Disasters S g

o .Y CRED United Nations Office for Disaster Risk Reduction ﬁb &
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Reliable prediction of extremes decades ahead?

an Cl]mate aﬂd AtmOSpheriC Science www.nature.com/npjclimatsci

EDITORIAL OPEN
Extreme weather and climate

npj Climate and Atmospheric Science (2018)1:45;
https://doi.org/10.1038/541612-018-0057-1

Humans and ecosystems struggle to cope with extreme weather
and climate conditions. The articles in this collection examine a
range of weather and climate phenomena that are extreme either
in their rarity, intensity, or both. Such research aims to help
societies better anticipate and manage the challenges of the most
impactful future weather and climate events, be they weeks or
decades from now.

Weather and climate extremes pose scientific challenges as well
as societal ones. Much of the recent progress can be traced back
to improvements modeling and simulation. Extremes such as
heavy rainfall depend on physical processes that occur on short
time scales and small spatial scales. Increased computational
power has allowed higher time and space resolution that provide
more realistic depictions of extremes for numerical weather

prediction and climate change projections. Nonetheless, uncer-
tainties remain, especially at regional scales, as to how a changing
climate will change the frequency and intensity of extremes, and
continued efforts are needed to better understand the wide range
of time and space scales that are involved in weather and climate
extremes.

NGE WEATHERF

namre
. PERSPECTIVE

Atmospheric circulation as a source of uncertainty
in climate change projections

Theodore G. Shepherd
CanESM2

0
Wind-speed response (ms™)

850hPawind speed response to RCP8.5 forcing by 2100



Resolved or not resolved?

) _ V = velocity
Conservation of momentum, energy, mass and moisture:

T = temperature
P = pPressure

gz—(I?-v)t?—ivp—§—zﬁxﬁ’+v-(kmv?) p = density
I

q = specific humidity

aT g = gravity
Peyo = —pcp(V v)r— v. v (k. VT) {c})@ 0l = rotation of Earth

F, =drag force of Earth
% = _(F V)o—p(V- F) R = radiation vector
C = conductive heating

Z_q _ _(? ‘F)q 1V (kq'if'q) Cp = heat capacity, c?mmnt .
t E = evaporation
5 = latent heating
Equation of state: S, = phase change source

p =pR,T k = dif fusion coef ficients

R, = dry air gas constant

Resolved Not resolved

X 1 N&awheterizationsfor
radiation, cloud, convection,
0 dzZND dzf Sy OS> 61 O
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