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Warming is unequivocal, that's
true. But that's not a sophisticated
guestion. A much more
sophisticated question is how much
of the climate Ma Earth, a perverse
lady, gives us is from her, and how
much is caused by us. That's a
much more sophisticated, and

much more difficult question.

Stephen Schneider, 1945-2010

"l keep arguing, don't be too arrogant about
the belief in your models; what you do is
make projections, and then you crank a knob
to try to avoid the more -catastrophic
outcomes or the outcomes that don't match

your values, but we better be reflexive".




S.Arrhenius predicted global warming by
greenhouse gases in 1896

An increase of atmospheric concentration of CO, of 300ppm
causes a global surface waring of about 1 K,

when everything else remains unchanged

The climate reacts to the warming. cloud cover, sea-ice, ocean currents,
atmospheric flow, etc. all of the change with warming,

enhancing or weakening the initial warming. These the feedbacks.

Feedbacks are very difficult to simulate correctly .

Before looking into a few examples, we need first to understand of a climate

model is




The Earth's energy balance
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Figure B1| The global annual mean energy budget of Earth for the approximate perlod 2000-2010. Al fluxes are in Wm™. Solar fluxes are in yellow
and infrared fluxes in pink. The four flux quantities in purple-shaded boxes represent the principal components of the atmospheric energy balance.



a TOA budget

', ? t TOA imbalance
0.6x0.4

Observations 340.2£01 100.0+2 239.7+£3.3
CMIP5
Min [ 3386 96.4 2324
(Mean) 1 (343) (102.2) (238.6)
Max L 343.7 106.5 2435
b Surface budget

Surface
i imbalance

Observations 1886 2323 24+7 88+10 39815 345.6+9 0.6x17

CMIP5

Min 181.9 211 17.6 784 3919 3264
(Mean) (190.3) (24.9) (20.9) (85.8) (397.5) (339.7)
Max 196.2 303 278 936 3981 3470




Forced and unforced climate variations

Define our system of study,
e.g. atmosphere-ocean-sea-ice




Structure of a General Circulation Model
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Increase in spatial resolution of global climate models

First Assess
Report ~199

PROGRESSTON OF CLTMATE MODELS
1590a Freaant day
0 x 2r0km

19 levels in

atmosphers

125 x1.28"

SOURCE: Hadley Cenire

ARS: ~70km maximum horizontal

resolution; up to 90 layers in the
atmosphere and over 60 m the ocean.




Quite realistic simulations, but...

Mean annual near surface temperature
simulated by the climate model ECHO-G
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The CMIP5 simulation scheme:
different modelling groups providing simulations under the same protocol

Maximum
number of models ~55

AMIP & historical
ensembles

historical

E-driven
RCP8.5

E-driven Control
& histoncal

1%/yr CO; (140 yrs)
abrupt 4xCO- (150 yrs)
fixed SST with 1x &

laylor et al., Bulleun or tne American Meteor. Soc (2012)



Global surface temperature change (°C)
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Different models provide the same (in some sense) , but
different (in other sense) answers
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'Southwest Africa’ annual mean temperature change

anomalies wrt 2000-2010 mean
IPCC AR4 model suite, scenario AlB

degrees C

1l-year running mean

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 210

year

50

'Southwest Africa' mean annual preecipitation
wrt 2000-2010 mean

IPCC AR4 model suite, scenario A1lB

percent

N &M_ ’*yv~ /!0-“
I A (T (9
RRA T AN bl

CoR AR XV A R K | ANV “.E"-"l."". a
| W
. ‘,\\\‘( \ I!"\ii‘"')!w’" w’im\\ﬁ
1 wﬂ N Q.'f‘ﬁlﬁ

4 1l1-year running mean

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

year




What is the main source of climate model
uncertainty




Representation of clouds

GCM Resolution Difficulties

« grid boxes are typically 250 km clouds and
wide and 1 km high small-scale
» processes important for cloud circulations

formation happen at much
smaller scales

* it is very difficult to
represent effects of

— 250 Km ———

clouds and small $
scale processes only  1km
In terms of grid box }

e propertes ’




Radiative properties of important cloud types

cirrus clouds

’ cumulus clouds

__.‘




Solar radiation reflected back to space

observations
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Model bias: /

mean difference between
simulation and observations
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Simulated changes in future cloud cover widely Stephens, J. Climate 2005

differ among models...
CFDL AM2-ML (2xC0; — CTRL)

G SO

.. and those differences are important for the simulation of
global mean temperature changes
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Temperature Anomaly (°C)

Can climate models simulate the observed climate ?

(a) Observed and CMIP5 simulated global mean surface air temperature
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Absolute global mean temperatures simulated by global climate models

(Not changes from the mean)
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Bias in the annual mean temperature, some CMIP3 models

Merged Surface Temperature Difference from CRU/HadISST

CRUMadISST Mean Model Typical Error

GISS-AOM GISS-EH GISS-ER

INM-CM3.0

0 ek Kelvin IPCC Report, 2007



Bias in the annual mean precipitation, some CMIP3 models

Annual Precipitation Difference from CMAP

IPCC Report, 2007
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Trend (°C per decade)

15-year GMST trend against start year: CMIP5 (colour), HadCRUT4 (black/grey)
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Seaice extent (10° km?)

Sea ice extent (10° km?)
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Can global models simulate internal variability well ?

El Nifio/La Niha Southern Oscillation
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NOAA Extended SST
Surface SST (C) Composite Anomaly 1971-200 climo
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Power

Power

(a) CMIP5
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The importance of internal variability: Same model (CCSM3) , same scenario (AlB),
different conditions

December-FebruarlY near-surface air temperature change
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The amplitude of internal variability: Same model (CCSM3) , same scenario (Al1B),

different conditions
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The annular modes + NAO, simulated by a CMIP5 model

EOFs of the sea-level-pressure field in December-February

-450 -350 -250 -150 -50 50 150 250 350 450



Influence of model version
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Standardized JJASO—mean Sahel rainfall, 18982004
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Is Newton's theory of gravitation reliable ?

Absolutely !

Just step forward, and | will fall

Absolutely not !!

-
.

Without Einstein's General Relativity,
the accuracy of GPS devices is
only 100 meters

Roving Receiver

Real-time Differential C



All physical theories are incorrect...
INn some sense

In the history of science, all theories are sooner or later superseded by better

This happened also with the apparently most solid physical theory so far:

Newton’s theory of gravitation, that was superseded by Einstein's General Relativity

From the scientific point of view, 'the science' is never ever settled.

This does not mean that science-based policy is impossible. The question is whether

the science is good enough to warrant policy action

But this does mean that uncertainty cannot be totally eliminated
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Summary of surface climate projections, including level of inter-model agreement

Stippled areas indicate agreement in sign by at least 80% of the models
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