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JULE G. CHARNEY?
Massachusetts Institute of Technology, Cambridge 02139

JouN G. DEVORE?
University of California, Los Angeles 90024
(Manuscript received 22 September 1978, in final form 28 February 1979)

ABSTRACT

A barotropic channel model is used to study the planetary-scale motions of an atmosphere whose zonal
flow is externally driven. Perturbations are induced by topography and by a barotropic analogue
of thermal driving. The use of highly truncated spectral expansions shows that there may exist a mul-
tiplicity of equilibrium states for a given driving, of which two or more may be stable. In the case of
topographical forcing, two stable equilibrium states of very different character may be produced by the
same forcing: one is a ‘‘low-index’’ flow with a strong wave component and a relatively weaker zonal
component which is locked close to linear resonance; the other is a ‘*high-index”” flow with a weak
wave component and a relatively stronger zonal component which is much farther from linear resonance.
It is suggested that the phenomenon of blocking is a metastable equilibrium state of the low-index,
near-resonant character. The existence of the two types of equilibria has been confirmed by numerical
integration of a grid-point model with many more degrees of freedom than the spectral model.

It has also been found spectrally and for a grid-point model that oscillations may occur when one
of the equilibrium states is stable for the lowest order spectral components but unstable for the next
higher order components. The oscillation apparently is due to a barotropic instability of the topographic
wave of the kind discussed by Lorenz and Gill.

Thermal forcing also produces multiple, stable equilibria in a spectral model but confirmation with a
grid-point model has so far not been obtained.
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PV Gradient Across Tropopause

(d) ECMWF (e) Met Office (f) NCEP
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Figure 5. (a-c) Average ridge area and (d-f) the isentropic PV gradient flanking ridges as a function of forecast lead time
for ECMWEF, Met Office, and NCEP. Black markers with error bars (standard errors) are averages over all winter seasons
with horizontal lines extending across all lead times from the analysis values. Colored lines are averages for the individ-
ual seasons where red is 2006/2007, cyan is 2007/2008, black is 2008/2009, blue is 2009/2010, magenta is 2010/2011,
green is 2011/2012, and orange is 2012/2013. Note (as an example) that a fraction of the Northern Hemisphere of 0.05 is
equivalent to an area of 1.275 x 107 kmZ2.

Gray et al, GRL, 2014
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ABSTRACT
The aim of this study is to investigate if the mpresentation of Northern Hemi-
sphere blocking is sensitive to resolution in current-geperation atmospheric
global circulation models (AGCMs). An evaluation is conducted of how well
atmospheric blocking is reprsented in four AGCMs whose horizoatal reso-
lution is increased from a grid spacing of more than 100 km to about 25 km.
It is shown that Euro/A tiantic blocking is simulated overall mom credibly at

higher resolution, ie. in better agreement with a 50-year eference blocking
climatology created from the ERA-40 and ERA-Interim reanalyses. The im-
provement seen with resolution depends on the season and to some extent on
the model considered. Euaro/Attantic blocking is simulated more realistically
at higher resolution in winter, spring and autumn, and robastly so across the
model ensembie. The improvement in spring is larger than that in winter and
autumn. Summer blocking is found to be better simulated at higher resolution
by ome model only, with little change seen in the other three models. The
mpresentation of Pacific blocking is not found to sysiematically depend on
msolution. Despite the improvements seen with resolution, the 25-km mod-

els still exhibit large biases in Euro/Atlantic biocking. For exampie, three

of the foar 25-km models underestimate winter northern European blocking
frequency by about one third. The resolution sensitivity and biases in the sim-
ulated blocking are shown to be in part associated with the mean-stae biases
in the models’ mid-latitude circulation.




Climate models do suggest a strengthening of the wintertime
storm track over the UK (shown here by track density)

* However: model biases are not small; mechanisms are not
understood; and not detected in obs; leads to low confidence

Mean CMIP5
response to RCP

8.5in late 215t
century

Mean CMIP5 bias

Zappa et al.
(2013 J. Clim.)

CAN WE EVEN TRUST THE SIGN OF THIS RESPONSE?

With thanks to Ted Shepherd



A Nonlinear Dynamical Perspective on Climate Prediction

T. N. PALMER
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ABSTRACT
A nonlinear dynamical perspective on climate prediction is outlined, based on a treatment of climate as the

attractor of a nonlinear dynamical system D with distinet quasi-stationary regimes. The main application is
toward anthropogenic climate change, considered as the response of D to a small-amplitude imposed forcing f.

Anthropogenic CO,

Model Word

Real World (more complicated
than model)?

Societal implications enormous



Diagnose forcing errors by looking at the
reliability of probabilistic initial value Probability of Occurrence
predictions of Regime 1.
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Putting it all together
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Reliable initial-value predictions is a necessary (but not sufficient)
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condition that the response to forcing is correct.
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Heliabmty diagram Step 96-264 Heliabxmy diagram Step 264-432
gddk-ge0; Europe  gddk-ge0: Europe
Total Preclpl(allon in Lower Tercile 75.0:35.0:-12.5:42.5 Total Preclpx(allon in Lower Tercile 75.0:35.0:-12.5:42.5
BS-0.17(0.16:.18) BSS- 021 (0.16:026) BS-023(022:025) BSS--0.08 (0.13:0.04)
BE017 (060.18)Bo a5 0171027 BE053 05050 Bos-007 (015003
gddk ge0x gddk ge0x
1 1
08 08
08 08
o7 o7
Bos Zos
e e
] ]
S 3
gos gos
. » 0
ower tercile *- o
03 03
02 02
01 01
[
o o
0o o1 o 05 1 o o1 oz 05 1

Reliability diagram
gddk-gex

05 o4 o5 o5 o7
forecast probability

Total Precipitation in Middle Tercile

85-023(022023) BSS-004 (0.6
B5=022(022:023) BSS=-0.04 (0.

Europe
75.0:35.0:-12.5:42.5

75 oi ds 05 o7
forecast probabilty
Step 96264 gejiapity diagram

Total Precipitation in Middle Tercile
BS-024(028026) 559000 0.11:008)
B5-024(023:02¢) BSS=-0.09 (-0.11:0.08)

Step 264432

Europe
75.035.0:-12.5:42.5

Reliability diagram

gddk-ge0x
Total Precipitation in Lower Tercile

Europe
75.0:35.0:-12.5:42.5

Step 432-600 gddk-gedx

Reliabilty diagram

Total Precipitation in Lower Tercile

Step 600-768

Europe

75.0:35.0:-12.5:42.5
B5-024 (0.23:025) BSS=-0.09 (0.13:0.06)

B0 b o 1o 008 v
k
gddk ge0x , gdd ge0x
!
. 0s
" 08
, o7
.
Bos Bos
g §
g g
Fos g
@ 04
Sos 8
- 03
" 02
" o1
o o o oz o5 dr 05 o6 o7 DR
O oty o8 1 forecast probabiity
Reliability diagram Step432-600  Reliability diagram Step 600-768
gddk-ge0x Europe gddk-gelx Europe

Total Precipitation in Middle Tercile
852024 (0.23:0.24) BSS=-0.10 (0.11:009)
B5-024 (023:025) BSS=0.11 (0.12:009)

75.0:35.0:-12.5:42.5

Total Precipitation in Middle Tercile

75.0:35.0:-12.5:42.5
B5-024 (023:024) BSS=-0.10 (-0.12:0.08)
BS=024(023:02¢) BSS=-0.10 (0.11:0.08)

\ gddk gddk ge0x gddk ge0x , gddk 9e0x
' '
oe 09 09- o0s
" day4toll " dayl1tol8 * day18to25 "day25to32
. | aay o “|day (o) _laay (o)
Tos Zos
g (:;as §‘es %
. . 3 El El 2
middle tercile £ ™ »
w < < H
gos Bos Bos 8o+
03 03 03 03-
0z 02 02 02
o o1 ot o1
0 o
[ 01 03 04 05 06 07 08 09 1 o 0 01 03 04 05 06 (X 8 09 1
¢ 0 01 oz 03 04 05 o5 07 08 o8 1 o o1 oz 03 G+ 05 06 o7 o5 6
forecast probabilty forecast probabilty forecast probabilty forecast probability
Reliability diagram Step96-264  Reliability diagram Step 264-432 Reliability diagram Step 432-600  Reliability diagram Step 600-768

gddk-ge0x
Total Precipitation in Upper Tercile

gdck-ge0x Europe
Total Precipitation in Upper Tercile 75.035.0:-125:425

Europe  9ddk-geO

Europe gddk-ge0x ' Europe
75.035.0-125:425 Total Precipitation in Upper Tercile 75.0:35.0:-125:42.5  Total Precipitation in Upper Tercile 75.036.0-125:425

85-0.19 (0.18:020) BSS= 017 0.13:021) 85025 (0.24:026) BSS=-07 (0.11:004) 85025 (0.24:026) BSS=-07 (0.10-004) 83-025(024.028) 885--0.07 (0.11:004)
BS-0.19(0.18:020) BSS= 019 0.15:022) 024 (023:026) BSS--0.05 (0.06:002) 25(024:026) BS5-0.08 (0.11:005) B5-025(024:025) BSS=-0.06 (0.08:003)
gddk geox gddk ge0x gddk ge0x , gddk geox
' 1 1
05 09 09 09
08 08 08 08
07 0.7 0.7 07
.
Bos Bos Zos Zos
e e e S
] ] ] g
] 3 ] 3
gos gos gos gos
2 3 8 Bos
Soa Soa S 04 8
03 03 03 03
02 02 02 02
o I 0 o
0 01 02 03 08 1 o o1 02 o 09 1 0 o1 02 03 09 1 oo 09 1

0s 05 08 07 0: 05 06 07 G 05 06 o7 03 04 05 05 o7
forecast probability forecast probability forecast probability forecast probability

Reliability of precip forecasts over Europe in
the monthly forecasting system (T399-T255)



And then there’s the tropics!

It is found that there is virtually no improvement in all these measures [of tropical
circulation] from the CMIP3 ensemble to the CMIP5 ensemble models. .... No progress can
be identified in the sub-ensembles of five best models from CMIP3 to CMIP5 even though
more models participated in CMIP5; the systematic errors of excessive precipitation and
overestimated SST in southeastern Pacific are even worse in the CMIP5 models.

Zhang et al, GRL 2015
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Abstract

Global climate models (GCMs) have become increasingly important for climate change
science and provide the basis for most impact studies. Since impact models are highly
sensitive to input climate data, GCM skill is crucial for getting better short-, medium- and
long-term outlooks for agricultural production and food security. The Coupled Model
Intercomparison Project (CMIP) phase 5 ensemble is likely to underpin the majority of
climate impact assessments over the next few years. We assess 24 CMIP3 and 26 CMIPS
simulations of present climate against climate observations for five tropical regions, as well as
regional improvements in model skill and, through literature review, the sensitivities of impact
estimates to model error. Climatological means of seasonal mean temperatures depict mean
errors between 1 and 18 °C (2-130% with respect to mean), whereas seasonal precipitation
and wet-day frequency depict larger errors, ofien offsetting observed means and variability
beyond 100%. Simulated interannual climate variability in GCMs warrants particular
atiention, given that no single GCM matches observations in more than 309 of the areas for
monthly precipitation and wet-day frequency, 509 for diurnal range and 70% for mean
temperatures. We report improvements in mean climate skill of 5-15% for climatological
mean temperatures, 3-5% for diumal range and 1-2% in precipitation. At these improvement
raes, we estimate that at least 5-30 years of CMIP work is required to improve regional
temperature simulations and at least 30-50 years for precipitation simulations, for these to be
directly input into impact models. We conclude with some recommendations for the use of
CMIP5 in agricultural impact studies.
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< A personal perspective on modelling the climate system
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Given their increasing relevance for society, | suggest that the climate science community itself
does not treat the development of error-free ab initio models of the climate system with sufficient oadcEmONS
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urgency. With increasing levels of difficulty, | discuss a number of proposals for speeding up such

development. Firstly, | believe that climate science should make better use of the pool of post-PhD
talent in mathematics and physics, for developing next-generation climate models. Secondly, |
believe there is more scope for the development of modelling systems which link weather and

climate prediction more seamlessly. Finally, here in Europe, | call for a new European Programme

on Extreme Computing and Climate to advance our ability to simulate climate extremes, and




A Flagship European Programme on Extreme Computing and Climate
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Model Hierarchies Workshop

Princeton University, New Jersey, USA, 2-4 November 2016
The Modeling Hierarchies Workshop will be held on the campus of Princeton University, New Jersey,

USA. The meeting will run from 13:00, 2 November 2016 to 17:00, 4 November 2016. This meeting is held
in conjunction with WGCM-20, which runs from 1-2 November 2016.

Venue
Background
the parable of a nation bankrupted by its cartographers, who UNIVERSITY

endeavoured to create a map of the country on the scale of the
country itself. It is sometimes argued that builders of Earth System

In "On Exactitude in Science", the Argentinian writer Borges tells v PRINCETON

models, which continue to grow in resolution and complexity,
somewhat resemble Borges' mapmakers. Models so intricate that
their behaviour is as rich and mysterious as the planet's itself, may
not advance the science of climate as much as we would like.

Princetown University
McDonnell Hall
Auditorium
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My own “sci-fi” short story about | )
why we need reliable models for o Tim Palmer
adapting to climate change

http://www2.physics.ox.ac.uk/research/predictability-of-weather-and-climate



CERN kicks off plans for LHC
successor
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Conclusions

Hierarchical thinking should be second nature for all weather/climate
scientists (of course). However, we are kidding ourselves if we think the
current top-end of the hierarchy adequately represents reality. As such, the
hierarchical paradigm, as the means to understand the real climate system,
cannot today be applied with any degree of confidence.



Conclusions

The top-end models are the central conduit through which society benefits
from our research. However, we do not stress enough to funders and society
the challenges in developing reliable top-end models (it’s up there with finding
evidence for supersymmetry). We are not ambitious enough (compared with
the particle physicists) in proposing the means to address this issue.



Conclusions

This is not helped by the relative detachment of some of our theoreticians
(NOT ISAAC!). Development of top-end models shouldn’t be thought of as a
“brute force” activity, not worthy of their attention — there is a real
educational problem here. Theoreticians who work on simplified models
should also (be required to?) contribute to the development of top-end
models and engage actively with operational weather/climate centres.



