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Medium and extended range predictability and stability of the
Pacific/North American mode
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SUMMARY

It is shown from an asscssment of a small st of extended range forecasts from two centres, and from a
much larger set of medium range forecasts from one centre, that variability in predictive skill is strongly related
to fluctuations in the Pacific/North American (PNA) mode of low frequency variability. A hypothesis is put
forward that this is associated with the dependence of large-scale instability of the forecast flow on the amplitude
of the PNA mode. The hypothesis is tested in a barotropic model using as basic states, composite skilful and
unskilful cases from the set of medium range forecasts and individual monthly mean fields. Results from the
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Integrations with a Barotropic Vorticity Equation Model
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Wave P and and Patterns
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ABSTRACT
A global barotropic model, linearized about the 300 mb climatological mean January Bow, is perturbed
the
resemble \merican” and “East Atlantic™ teleconnection patiems noted by
Wallace and Gutzler (1981) tend 10 recur in the responses. Similar patierns are found to result from
dispersion at 3 variety of locations in the and midlatitudes.
ly
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folding time of about & week and a period close 10 50 days. In localized regions the instantancous growth
L

L T o e B R Ll T

DAY 30

Ps {
Q @
; 2 3 %

PNA+

~ o
e < $(ﬁm(§>3\u2) )
T % : -
/\ X
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If eigenvectors are not normal (operator not self-
adjoint), perturbation growth is not bounded by the
dominant eigenvalue

Zhang c. 1989



Computation of optimal unstable structures for a numerical

By R. BUIZZA'Y, J. TRIBBIA’, F. MOLTENI' and T. PALMER', 'European Centre for
Medium-Range Weather Forecasts, Shinfield Park, Reading RG2 9AX, England,
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Predictability and finite-time instability of the northern winter circulation

By FRANCO MOLTENI and T. N. PALMER®
European Centre for Medium-range Weather Forecasts, Reading

(Received 17 March 1992; revised 10 Augst 1992)

SUMMARY
The finite-time instability and associated predictability of atmospheric circulations are defined in terms of
the largest singular valucs, and associated singular vectors, of the lincar evolution operator determined from
given cquations of motion. These quantities are calculated in both a barotropic and a three-level quasi-
geostrophic model, using as basic states realistic large-scale northern wintertime flows that represent the
state, regime and specific of these regimes. For time-invariant basic
states, the singular vectors are compared with the corresponding normal-mode solutions; it is shown that the
perturbations defined (at the initial time) by the singular vectors have much larger growth rates than the normal
modes, und possess & more localized spatial structure.
The regimes studied have opposite values of the Pacific/North American (PNA) index, and growth rates
for the barotropic basic states appear to confirm earlier studies that the barotropic instability of the ncgative

weather prediction model

Atmospheric Research*, P.O. Box 3000, Boulder, Colorado 80307, USA

(Manuscript received 30 November 1992: in final form 10 May 1993)

ABSTRACT

have been 10 compute the fastest growing perturbations in a
finite time interval for a complex numerical weather predxouon model. The models used are the
tangent forward and adjoint versions of the adiabatic primitive-equation model of the
Forecasting System developed at the European Centre for Medium-Range Weather Forecasts
and Météo France, These have been run with a horizontal truncation T21, with 19 vertical levels.
The fastest growing perturbations are the singular vectors of the propagator of the forward
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The Singular-Vector St of the A pheric Global Ci
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ABSTRACT
mwwmumuqumwcummmwummwm(wm)
vectors,

vectors,
wave pscudomomeatum are out mmrmmmm dominant part of the singular spectrum using
‘These include the use of forward and adjoint tangent
propagators with a Lanczos iterative algorithm. Results are described, based fist on statistics of routine calcu-
lations made between December 1992 and August 1993, and second on three specific case studies.
Results define three dominant geographical areas of instability in the Northern Hemisphere: the two regions
of o track cyclogenesi, and the Norh Aican subtropicl e Sngula vecors can amplify s much a1
tefold over 36 hours. and in winter vectors.
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Tropical singular vectors computed with linearized diabatic physics

By J. BARKMEUER®, R. BUIZZA, T. N. PALMER, K. PURI and J.-F. MAHFOUF
European Centre for Medium-Range Weather Forecasts, UK

(Received 2 December 1999; revised 6 July 2000)

SUMMARY

With the introduction of diabatic processes in the forward and adjoint tangent models of the European Centre
for Medium-Range Weather Forecasts's model, it is possible to determine singular vectors (SVs) for situations
where diabatic physics may be important in producing perturbation growth. In this paper, the linear physical
parametrizations are used to compute SV for the tropical region, or subsets thereof, with an optimization time
of 48 h. Perturbation growth is measured in terms of the so-called total energy norm, augmented with a term for
specific humidity.

Difficulties that may arise in computing tropical SVs, such as associated with spurious upper-tropospheric
perturbation growth, are described. Also, the impact on the SV structure by including a specific-humidity term
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Use SVs to initialise EPS. Why?

. Meteorologically balanced perturbations

. Initial-time perturbations with amplitudes focussed on sub-synoptic
wavenumbers where analysis errors (observation error and model
error) are likely to be significant, and final-time perturbations on
synoptic and smaller wavenumbers where forecast error is dominant.

. Perturbations with growth rates that would compensate for the overly
dissipative nature of the model at large wavenumbers.

. Since we don’t have a good quantification of initial error (esp impact
of model error on initial error - see below), focussing on potential
worse-case perturbations is no bad thing. The main problem with
ensemble prediction (to the present day) is underdispersion -
overconfidence.
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Ensemble prediction using dynamically conditioned perturbations

By R. MUREAU, FRANCO MOLTENI and T. N. PALMER*
European Centre for Medium-range Weather Forecasts, Reading

(Received |7 March 1992; revised 10 August 1992)

SUMMARY

We apply the technique developed in the companion paper by Molteni and Paimer (1993) as a means of
providing dynamically conditioned perturbations for ensemble forecasting with a primitive-equation model.
Four wintertime initial states are chosen—three at random and one because of substantial development in the
large-scale flow within four days, which the control forecast completely missed. A set of singular vectors are
created using a quasi-geostrophic model linearized about basic states taken from data close to the chosen initial
dates. These are interpolated onto the primitive-equation-model grid. and used as perturbations to the initial
state. An ensemble forccast is made from the perturbed initial states. The dispersion of this ensemble is
compared, for each date. with that from a second ensemble with initial perturbations constructed from 6-hour-
forecast errors. Throughout the forecast period, 1t is found that the amplitude of the perturbations ts noticeably
larger using the singular vectors. The dispersion of the ensembles using the forecast-error perturbations did
not indicate that the control forecast from the case with substantial development was likely to be poor. By
contrast, the (envelope) dispersion of the ensembie using the singular vectors was notably larger for this case
than the other three. A number of members of this ensemble were particularly skilful in predicting weather-
related elements of the flow, such as low-level temperature change. Itis found that the evolution of perturbations
which are imtially localized over the western Pacific, or western Atlantic, can develop blocking-like structures
several days later over the castern occans. With the initial amplitudes used in this paper, the development of
these structures is in part nonlincar.

The growth of the singular-vector perturbations was not as large in the primitive-equation model as in the
quasi-geostrophic model, probably due to interpolation problems exacerbated by inconsistent orographic
representation. Further work to overcome these, and other, problems is indicated.
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Ensemble Prediction
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The ECMWF Ensemble Prediction System: Methodology and validation

By F. MOLTENI, R. BUIZZA, T. N. PALMER* and T. PETROLIAGIS
European Centre for Medium-Range Weather Forecasts, UK
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SUMMARY
The European Centre for Medium-Range Weather Fe (ECMWF) E bl diction System (EPS)
is described. In addition to an unpenurbed ( 1) fe each bl i 32 10-day fe starting
from initial conditions in which dynamically defined perturbati have been added tothe openuoml analysis. The
penurhauons are constructed from smgular vectors of atim ized around the short-range-
ine the most bl

y. These singular vectors app -space directions in
the early pan of lhc forecast period, and are estimated usmg a forward and ad]oml Imw version of the ECMWF
numerical weather-prediction model. An appropriate norm is chosen, and relati the of
these singular vectors at initial time and patterns showing the sensitivity of shon-range forecasl error to chnnges in
the analysis are discussed. A melhodology to perform a ph: p: of the si vectors is
which generates hemispheric-wide p ions and renormalizes them ding to analysi i
the data-assimilation system.

The validation of the ensembles is ngen firstly in terms of scatter diag; and ing tables of
spread and control-f skill. The 2 tables are compared with those from a perfect-model ensemble
system; no sngmﬁcam dlﬂ'erences are foundm some cases. Brier scores for the probability of European flow clusters
are which i skill up to f dav 8 with respect to climatological probabilities. The
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But now .... Perturbations produced by
Ensemble Data Assimilation (EDA).... Surely
no need for SVs any more??

Quarterly Journal of the Royal Meteorological Society Q. J. R. Meteorol. Soc. 150: 1-1 (2020?)

Royal Meteorological Society

Farewell Singular Vectors

T. N. Palmer*
Atmospheric, Oceanic and Planetary Physics, University of Oxford, UK

*Correspondence to: T. N. Palmer, Atmospheric, Oceanic and Planetary Physics, Clarendon Laboratory, University of Oxford, OX1
3PU,UK
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Impact of SVs on ENS
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Stochastic Physics
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Stochastically Perturbed Parameterisation Tendencies
(SPPT)

A Holistic Scientifically Justified Approach to Representing Model
Uncertainty

Operational scheme in ECMWF’s ensemble prediction system

Perturbations to total parametrised tendency of physical processes with
multiplicative noise

X}’ — Xp + rXp for X={u,v,T,q}

r is a uni-variate random number described through a spectral pattern
generator which is smooth in space and time

Spectral coefficients of r are described with an AR(1) process

Gaussian distribution, truncated at +2s
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Stochastic representation of model uncertainties in the ECMWF Ensemble
Prediction System

By R. BUIZZA*, M. MILLER and T. N. PALMER
European Centre for Medium-Range Weather Forecasts, UK

(Received 18 August 1998; revised 19 March 1999)

SUMMARY

A stochastic representation of random error associated with parametrized physical processes (‘stochastic
physics’) is described, and its impact in the European Centre for Medium-Range Weather Forecasts Ensemble
Prediction System (ECMWF EPS) is discussed. Model random errors associated with physical parametrizations
are simulated by multiplying the total parametrized tendencies by a random number sampled from a uniform
distribution between 0.5 and 1.5. A number of diagnostics are described and a choice of parameters is made.
It is shown how the scheme increases the spread of the ensemble, and improves the skill of the probabilistic
prediction of weather parameters such as precipitation. A choice of stochastic parameters is made for operational
implementation. The scheme was implemented successfully in the operational ECMWF EPS on 21 October 1998.

KEYWORDS: Ensemble forecasting Model errors  Numerical weather prediction Parametrization
1. INTRODUCTION
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Q. J. R. Meteorol. Soc. (2001), 127, pp. 279-304

A nonlinear dynamical perspective on model error: A proposal for non-local
stochastic—dynamic parametrization in weather and climate prediction models™

By T. N. PALMERY
European Centre for Medium-Range Weather Forecasts, UK

(Received 2 February 2000; revised 11 September 2000}

SUMMARY
Conventional parametrization schemes in weather and climate prediction models describe the effects of
subgrid-scale processes by deterministic bulk formulae which depend on local resolved-scale variables and a
number of adjustable parameters. Despite the unquestionable success of such models for weather and climate
prediction, it is impossible to justify the use of such formulae from first principles. Using low-order dynamical-
systems models, and elementary results from dynamical-systems and turbulence theory, it is shown that even if
unresolved scales only describe a small fraction of the total variance of the system, neglecting their variability
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Spread L63 and L63 stoch.
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ECMWEF EPS spread/skill better balanced than other operational ensembles.

Annual mean 2016

500hPa geopotential

NHem Extratropics (at 2000904, lon -180.0t0 180.0)
Date: 20160101 00UTC to 20161231 12UTC
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The Future: More Interaction Between SVs and SPPT?

Use EDA to set SV amplitudes regionally?



Ensemble Size vs Resolution

 We must not drop below 50 members. Needed to optimise
probabilistic scores for high-impact weather (see Martin
Leutbecher’s talk).

 Two complementary routes to developing high-resolution
(e.g. 5km) 50 member ensembles....



1. State-dependent precision....

Stochastic Parametrisation

Triangular

Stachastic
Truncation '

... a job for scientists

Quarter
precision?

Half
precision?

Single precision

Double precision



Double - 52 SBITS 0.00 h Single - 23 SBITS 0.00 h

. Hurricane
______ Harvey
Scale selective 0.00 h 25/08/17 0000
s 2 — 52-bit significand 850hP wind speed
i > 0<n£160 11-bitsignificand T511L91

160<n £ 320 9-bit significand
320<n £511 7-bit significand

Matthew Chantry, Oxford — Peter Diiben, ECMWF.
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2. Make the case for much greater computing
capability, so ECMWF can remain the World No 1.

Security [l \onpow, uk

ARE YOU? DISCOVER MORE

i"ﬁéiEuropean weather forecast model
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

More global Greater forecast
prediction points resolution

Improved accuracy
and extended range

A gateway to greater
certainty and efficiency
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Why Are Europeans Better at
Predicting Weather?

Wednesday’s snow no-show in Washington was another misfire by U.S. forecasters.

By Peter Miller, for National Geographic News
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Extra Slides



The application of ensemble ideas to monthly (and seasonal)
forecasting was not controversial.

What was more controversial is that ensemble forecast methods
should be developed within what was referred to as “the limit of
deterministic predictability”. Medium-range ensemble
forecasting was treated with scepticism.

Instead of probabilistic prediction, the thought at the time was
that we should be trying to “forecast the forecast skill” of the
deterministic forecast.

This turned out to be a forlorn hope, though it led to some very
important scientific spin offs, such as how to perturb the initial
conditions in a medium-range ensemble forecast.



NOAA Hazardous Weather Testbed Spring
Forecasting Experiment (l. Jirak and A. Clark)

Neighborhood Reflectivity Verification: CLUE
Comparison to SSEO: Reliability
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x'(¢) = L(t,t,)x(¢,)

Let || x| denote the perturbation's energy.

Let (x;y) denote the corresponding inner product.
Then

maX. .o (I X() | /1 x(2,)) = 5,

where s, is the largest eigenvalue for

(LL)v.(t) =Sv.(¢)

i.e. the largest singular value of L

The corresponding singular vectors, ranked by the size of s,
define the fastest growing perturbations



“If more realistic models with many
thousand variables also have the
property that a few of the eigenvalues
of AAT are much larger than the

remaining, a study based u
ensemble of initial errors s

oon a small
nould..give a

reasonable estimate of the growth rate

of random error.” Lorenz (

1965)

Lorenz (1965): A Study of the Predictability of a 28-Variable

Atmospheric Model, Tellus.



