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Range of Predictability for Different Phenomena

N Predictability of the second kind (BV problem)
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Transient Climate Change Simulation
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Intrinsic Uncertainties in Climate
Change Prediction:
Initial Conditions of the Climate System

* We do not know with good accuracy what
the initial conditions of the climate system
were at the beginning of the
“Industrialization Experiment”
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Intrinsic Uncertainties in Climate
Change Prediction:
Unpredictability of External Forcings

* Unpredictable Natural Forcings

* Unpredictable, or little predictable, anthropogenic
forcings (e.g. GHG and aerosol emissions, land-
use change)



Intrinsic Uncertainties in Climate
Change Prediction:
Unpredictablility of External Forcings

« Development of scenarios rather than predictions of
forcings



Intrinsic Uncertainties in Climate Change
Prediction:
Non-linearities, Thresholds and Feedbacks
* Feedbacks within the climate system can

enhance its non-linearity and thus decrease
predictability

* Threshold behaviors also enhance nonlinearity
and decrease predictability



The Climate Change
Prediction Problem

Because of the internal variability and non-
linearity of the climate system, the presence of
feedbacks, and the random component of the

external natural and anthropogenic forcings,
the “actual” climate change is only one
(essentially unpredictable) realization within a
range of possible realizations, each
characterized by a certain likelihood to occur
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The Climate Change
Prediction Problem

The purpose of climate prediction is not
to predict what will be the exact climate
of the future, but to reconstruct as closely
as possible the PDF of possible future
climates. This implies that:

Climate change prediction needs to be
approached in a probabilistic way.



There are also many sources
of “added” uncertainty:

Imperfect knowledge of processes
Imperfect observations

Imperfect models

Imperfect analyses and approaches
And probably many more ...
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The uncertainty “dilemma”

 We need to characterize as much as possible the “intrinsic’
uncertainty

— Wide PDF

« But we need to reduce as much as possible the “added”
uncertainty

— Narrow PDF

* We do not have specific case studies to test our
anthropogenic climate change “predictions”, e.g. as in
weather and seasonal forecast, and as a result it is critical
to evaluate and possibly quantify their reliability

— Process understanding

— Model fidelity

— Seemless prediction

— Inter-model agreement

— Consistency with observed trends

)



Regional vs. Global Climate
Change Prediction

« Climate change prediction is more difficult at the
regional than the global scale
— Natural variability increases at finer scales, which

makes the extraction of the change signal from the
underlying noise more difficult



Sensitivity of interannual variability to spatial scale (Giorgi 2003)
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Regional vs. Global Climate
Change Prediction

« Climate change prediction is more difficult at the
regional than the global scale

— Changes in circulation structure, regimes and natural
climate modes are more important at the regional
scale: regional climate is more non-linear



PDF of 500 Hpa Height (Corti et al. 1999)
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Regional vs. Global Climate
Change Prediction

« Climate change prediction is more difficult at the
regional than the global scale

— Regional climates are affected by local scale forcings
and processes that are not adequately resolved by
global climate models (topography, landuse, aerosols,
extremes etc.)



Several tools are available for producing fine
(sub-GCM) scale regional climate information

Statistical
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Analysis grids (topography)
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Ensemble mean summer precipitation




Cascade of uncertainty in climate change projections
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Cascade of uncertainty in climate change projections

Socio-Economic Assumptions

Emissions Scenarios
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Model configuration uncertainty at the
global scale

Global average surface temperature change

: | Mean over

2081-2100

: e historical
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Geographical distribution of temperature and
precipitation changes
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Model configuration uncertainty at
the regional scale (AOGCMs)

Regional precipitation vs. temperature change

Mediterranean warm season West Africa monsoon season

Jda, SRESATE we Z0C3M Western Africa, JJa, SRESATE vs Z0C3M
1 ! 1 ! 1 1 ! 1 ! 1 ! 1 ! 1

on Change (pet)

Precipitation Change (pet)

4.0 B a0 Gl 0.4 2.6 4.0 B
eeeeeeeeeeeeeee 1 Ternperaturs Change (C)

TS(rmn.mx) = 26126, 648595 TS(rmn.mx) = 1.4943, 46247
PR(mn,mx)] = =53.237, =2.1434 PR{mn,mx) = —18.619, 16,24
AVGEE,pr) = 43439, —24.843 AaG(ts,pr) = 3217, 1.4677




Fraction of uncertainty explained by
different sources as a function of lead time

Internal variability Hawkins and Sutton 2009
Scenario uncertainty

Decadal temperature Global

Decadal temperature — British Isles

British Isles, decadal mean surface air temperature




Sources of uncertainty in the simulation of temperature
and precipitation change (2071-2100 minus 1961-1990)

by the ensemble of PRUDENCE simulations (whole Europe)
(Note: the scenario range is about half of the full IPCC range, the GCM
range does not cover the full IPCC range) (Adapted from Deque et al. 2006)
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Precip change [%] — JJA, GCM 1.32°
(2070-2099)—(1975-2004)

Summer
precipitation

Precip change [%] — JJA, RCM 0.11°
(2070-2099)—(1975-2004)

RCMs

0.11° Observed precipitation trend
1975-2004

Precip trend — JJA, EURO4M—-APGD 5 km

. (1975-2004)
Precip change anom [%] — JJA, RCM—GCM —
(2070-2099)—(1975-2004) ik

staseas,

mm/day/century



Convective Summer
precipitation
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Convection-permitting RCms are being run
atds ~1/5 -3 km
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#:oordinated regional downscaling experiment (CORDEX)

CORDEX Flagship Pilot
CORE Studies

| CMIP5-CMIP6 (RCP2.6-RCP8.5) |

JL iyt

gt Projections with convection
Projections over e
coniinental scale —N] permitting RCMs or RESMs
domains at ds= 12 .5-25 kmN—/ over selected subregions

Ds~ 1.5-3 km

i

%7 Vulnerability, Impact
Adaptation,Climate
Services (VIACS




Qualche considerazione finale

Se si vuole veramente produrre informazione climatica utile
per applicazioni VIACS, bisogna connettersi ai grandi progetti
internazionali in corso (CMIP6, CORDEX etc.)

Bisogna munirsi di un range di modelli (o piu’ genericamente
“tools”) che possano essere usati per problemi di interesse
specifico: GCMs, RCMs, ICMs, ESD, etc.

C’e’ bisogno di dataset pubblici e disponibili di osservazioni
che coprano Il territorio nazionale.

La strategia delle infrastrutture va pensata molto
attentamente, specialmente dal punto di vista della gestione e
analisi dei dati.

Occorre un convolgimento ampio e partecipato della
comunita’ scietifica nazionale.

Nell'ottica del punto precedente, si dovrebbero produrre
report periodici IPCC-Style, clima, VIACS, etc.

Bisogna formare una nuova generazione di scienziati che
lavori all'interfaccia fra clima e VIACS .
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