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How good are medium-range forecasts
now? (on a scale of 1-5)?

How good will they be in 30 years time?
(on a scale of 1-5)?

How good are seasonal forecasts now?
(on a scale of 1-5)7?

How good will they be in 30 years time?
(on a scale of 1-5)?



 What does “5 = very good” mean? To the
public, if a forecast is “very good” it means
that it is right roughly 95% of the time.

e Seasonal forecasts do not have that level of
skill now.

* Do medium-range forecasts have high skill by
this measure?






Results are from the operational high-resolution run for Europe (W: -12.5, N: 75, E: 42.5, S:
35), forecast day 5 ( = precipitation from +96 to +120 h). The average number of available

stations 1s ~1520.

a. Results for summer (JJA 2011)

1v) Threshold=10 mm

OBS vyes OBS no
FCST yes | 3703 7694
FCSTno | 7982 120412

Thomas Haiden,
personal
communication

On about 70% of the occasions when the day 4-5 ECMWEF high-res
forecast said it would rain at least 10mm/day, it didn’t!

No wonder the public complain about traditional deterministic weather
forecasts - from this perspective they are very unreliable.



The ECMWEF Ensemble Prediction System

Apri2-Juni2 t+ 96 Europe obs 24h-precip gt 10 mm
BrSc = 0.044 SCBrSkSc= 0.22 Uncertainty= 0.056
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ECMWF Monthly Forecast, Precip in upper tercile , Area:Europe
Day 12-18 20041007-20120705
BrSc = 0.229 LCBrSkSc=-0.01 Uncertainty= 0.227
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ECMWF Monthly Forecast, Precip in upper tercile , Area:Europe
Day 19-32 20041007-20120705
BrSc = 0.238 LCBrSkSc=-0.03 Uncertainty= 0.230
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User Imerface
Programme

WCC-3

Climate Services
Information System

Research Observations
and and
modelling monitoring

It is essential for the development of Climate Services, that our
climate forecast systems are reliable.



PREC(]_h) Summer 2011 00UTC Unreliability also a problem for
short range forecasts of intense

rainfall

Reliability diagram
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results
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How good will medium range and seasonal forecasts be
in 30 years time?

*Not 95% right’. That is both unrealistic and inconsistent with
the laws of physics.

*Rather, we should aspire to perfect reliability, ie

from a subset of cases where the forecast predicts a 95% (more
generally p%) chance eg of:
— An intense convective storm over Reading in the next 12 hours

— The development of a blocking anticyclone over Northern Europe
in 2 weeks time

— A BBQ summer in the UK or a severe drought in Kenya in the
coming season
then the event will have happened 95% (more generally p%) of
the time.



Traditional computational ansatz for weather/climate
simulators
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Eg momentumtransport” by: Deterministic local

bulk-formula
parametrisation

Turbulent eddies in
boundary layer

Orographic gravity wave
drag.

Convective clouds




Deterministic bulk-formula parametrisation 1s
based on the notion of averaging over some
putative ensemble of sub-grid processes in

quasi-equilibrium with the resolved flow (eg
Arakawa and Schubert, 1974)
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Stochastic Parametrisation

*Provides the sub-grid tendency associated with a
potential realisation of the sub-grid flow, not the
tendency associated with an ensemble average of sub-
grid processes.

*Can 1ncorporate physical processes (eg energy
backscatter) not described in conventional
parametrisations.

*Parametrisation development can be informed by
coarse-graining budget analyses of very high resolution
(eg cloud resolving) models.




Experiments with the Lorenz ‘96 System (ii

dx,

Jf — _Xk—l (Xk—z _Xk+1) — Xk + F - ? ; Assume Y
unresolved
dy, ( ) hc
dt - = CijH Yj+2 o Yj—l B CYj T ?Xim[(J—l)/JH] \
RPSS Approximate
sub-grid
Better ' ' |
i Forecast Skill tendency by U
0.62f // '
0.6 - Deterministic: U=U
n‘\&f det
; 0.58 /ﬁw,,,wwwmw""“" Additive: U=Uy t+e,,
2 056} y ' Multiplicative: U = (1+e,) Uy,
0.54f V & '
7 Where:
0.52r : ' U,.. = cubic polynomial in X
Arnold et al, Phil Trans Roy Soc det : ,
0.5} : e, . = white / red noise

Deterministic ~ White Additive ~ AR1 Additve  Multiplicative Fit parameters from full model
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Stochastic Parametrization and
Model Uncertainty

Palmer, T.N., R. Buizza, F. Doblas-Reyes,
T. Jung, M. Leutbecher, G.J. Shutts,
M. Steinheimer, A. Weisheimer

Research Department
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. Impact of stochastic physics in a convection-permitting ensemble
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4+ A stochastic physics scheme is tested in the AROME short range convection-permitting L
s ensemble prediction system. It is an adaptation of ECMWEF’s stochastic perturbation of
s physics tendencies (SPPT) scheme. The probabilistic performance of the AROME ensemble 02
v is found to be significantly improved, when verified against observations over two two-week L
s periods. The main improvement lies in the ensemble reliability and the spread/skill con-
1 | 1 | 1 | 1 | 1
o sistency. Probabilistic scores for several weather parameters are improved. The tendency 00 0.2 0.4 0.6 0.8 1

10 perturbations have zero mean, but the stochastic perturbations have systematic effects on Forecast probability

u  the model output, which explains much of the score improvement. Ensemble spread is an
2 increasing function of the SPPT space and time correlations. A case study reveals that
12 stochastic physics do not simply increase ensemble spread, they also tend to smooth out
1« high spread areas over wider geographical areas. Although the ensemble design lacks surface
s perturbations, there is a significant end impact of SPPT on low-level fields through physical

s interactions in the atmospheric model.
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Towards the probabilistic Earth-system simulator: a vision for
the future of climate and weather prediction’

There Is no more challenging problem in computational science than that of
estimating, as accurately s science and technology allows, the future evolution of
Earth’s climate; nor indeed is there 2 problem whose solution has such importance
and urgency. Historically, the simulation tools needed to predict dlimate have
been developed, somewhat independently, at & number of weather and climate
institutes around the woeld. While these simulators are individually deterministic,
it is often assumed that the sesulting diversity provides a useful quantification
of uncertaiaty in global o regional predictions. However, this notion is not well
founded theoretically and lator estimates of

can be prone to systemic failure. Separate to this, individual institutes are now
facing considerable challenges in finding the human and computational resources
needed to develop more accurate weather and climate simulators with higher
resolution and full Earth-systen complexity. A new approach, originally designed to
improve reliability in ensemble-based numerical weather prediction, is introduced
to help solve these two rather different problems, Using stociastic mathematics,
this approach recognizes uncertainty explicitly In the parametrized representation
of unsesolved dimatic processes. Stochastic parametrization is shown to be more
consistent with the underlying equations of motion and, moreover, provides more
skilful estimates of uncertainty when compared with estimates from traditional
multi-simulator ensembles, on fime-scales where verification data exist. Stochastic
parametrization can also help reduce long-term biases which have bedevilled
numerical simulations of climate from the earliest days 1o the present. As  result,
it is suggested that the need to maintain a large “gene poal’ of quasi-independent
deterministic simulators may be obviated by the development of probabilistic
Earth-system simulators. Consistent with the conclusions of the World Summit on
Climate Modelling, this i tura implies that individual instiutes il be able o pool
human and ! resoueces in devel lat

th from economies of scale th i fhe Airbus

provides a useful analogy here. As a further stimulus for such evolution, discussion
is given to o potential new synergy between the development of dynamical cores,
and stachastic processing hardware. However, It is concluded that the traditional
challenge in numerical weather prediction, of reducing deterministic measures of
forecast error, may increasingly become an obstacle to the seamless development of

ic weather and i 43 that may appear at first
sight. Indeed, going further, it is anz,ucd lhzs[ it may be time to consider focusing
operational weather forecast 4 entirely on high lution ensemble

A skilful stochastic model cannot be
obtained from a tuned
deterministic model with bolt-on
stochastics.



Spectral Dynamical Core
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There are many good reasons for wanting to
go to convectively resolved models, not just
for short-range mesoscale prediction, but for
seasonal and longer timescale climate
prediction too (Shukla et al, 2010).

This will probably have to wait for exaflop
computing.



Ef) Public Sector
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Europe to double
funding for exascale
computing

Wi \ e . | '\J China and Europe outpacing US funding for HPC
By Patrick Thibodeau | Computerword US | Published 13:16, 21 February 12

The European Commission last week said it is doubling its investment in the push for exascale
computing from €630 million to €1.2 billion (£1 billion). The announcement comes even as European
governments are imposing austerity measures to prevent defaults.

But exascale systems "pose numerous hard challenges," said the European
Commission in a report that accompanied its funding announcements. The
challenges include a 100-fold reduction in energy consumption along with
development of new programming models. As Europe sees it, solving these
challenges creates opportunity for Europe, China and others looking to take
on US HPC dominance.



Will bit-reproducible computation
continue to be a sine qua non in HPC?

In a recent presentation on Challenges in Application Scaling in an Exascale
Environment, IBM’s Chief Engineer for HPC, Don Grice, noted that:

“Increasingly there will be a tension between energy efficiency and error
detection”,

and asked whether :

“...there needs to be a new software construct which identifies critical
sections of code where the right answer must be produced” — implying that
outside these critical sections errors can (in some probabilistic sense) be
tolerated.

(http://lwww.ecmwf.int/ newsevents/meetings/workshops/2010/high
performance computing 14th/index.html)



Stochastic Parametrisation
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Can this fact be used as a way to overcome the exascale energy
barrier and get to reliable convectively resolved global models
much quicker than would otherwise be possible?



Superefficient inexact chips

http://news.rice.edu/2012/05/17/computing-experts-unveil-superefficient-inexact-chip/

11773

In terms of speed, energy

'  consumption and size,

=/ inexact computer chips like
this prototype, are about 15
times more efficient than
today's microchips.
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This comparison shows frames produced with video-processing software on traditional processing elements (left),

inexact processing hardware with a relative error of 0.54 percent (middle) and with a relative error of 7.58 percent

(right). The inexact chips are smaller, faster and consume less energy. The chip that produced the frame with the
most errors (right) is about 15 times more efficient in terms of speed, space and energy than the chip that

produced the pristine image (left).



Towards the Stochastic Dynamical Core

Stochastic Parametrisation

n=-m u n=in Efficiency/speed/inexa
. : ctness of chip

Triangular

Truncation
and precision at which
the data is stored and
passed between
processors.
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At Oxford we are beginning to work with IBM Zurich to
develop these ideas...



Experiments with the Lorenz ‘96 System
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= Estimates using probabilistic chip

Hannah Arnold and Hugh
McNamara, Personal
Communication

A route to reliable cloud
resolved climate
models?
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30 Years Ago

Dynamics Parametrisation

O(100km
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Now

Dynamics Parametrisation

O(10km)



In 30 years

Dynamics Parametrisation
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