The Challenge of
Climate Science

Antonio Navarra
INGV/CMCC




Rﬂﬁ//@ RY. ) s

De Meteorologica

However, all the mouths of the Nile, with ﬁ.
and not natural. And Egypt was nothing n ¢ o
though he is in relation to such changes.

it at Canopus, are obviously artificial
ebes, as Homer, too, shows, modern

I~

(...)
This happened to the land of Argos and

was marshy and could only support a sma
But now the opposite is the case, for the rfj.
completely dry and barren, while the Argi
become fruitful. Now the same process th'
going on over whole countriesandonala

pPa me of the Trojan wars the Argive land
@8 1and of Mycenae was in good condition.
the land of Mycenae has become
barren owing to the water has now

all district must be supposed to be




The Climate System
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North Atlantic
Oscillation

The interactions between atmosphere and oceans in the tropics dominate the variability at interannual
scales. The main player is the variability in the equatorial Pacific. Wavetrains of anomaly stem from the
region into the mid-latitudes, as the Pacific North American Pattern (PNA). The tropics are connected
through the Pacific SST influence on the Indian Ocean SST and the monsoon, Sahel and Nordeste
precipitation. It has been proposed that in certain years the circle is closed and and a full chain of

® teleconnections goes all around the tropics. Also shown is the North Atlantic Oscillation a major mode
— of variability in the Euro_atlantic sector whose coupled nature is still under investigation. 5




A scientific consideration of climate (1)

Crucial experiments like the famous experiment of

Michelson e Morley are not possible in climate science
_ _T.

=
g

How is it possible a
scientific investigation of
climate ?




A scientific consideration of climate (11)

We can make experiments if we represent the climate =
system via a set of mathematical relations: the equation
of climate.

The equation of climate are very difficult, but they can -
be solved by numerical methods.
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We can then treat very complex mathematical equations,
paying the price of a enormous number of elementary
operations.




The next generation of
numerical models will be like

- new, more powerful, telescopes
or particle accelerators and they

| will allow us to look further into
the working of the Earth climate -

- Il
§ more accurately, extensively and
rellably
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' Methods

Fig. 2. Horizontal grid and geographical coverage.
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eofisica e Vulcanologia -

Meteorologists in front of the Electronic Computer Project at the Institute for I
Advanced Study (Princeton)




Grids for Earth
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Next INGV-CMCC model

70 M

B5 M

60 N

55 N

50 M

45 1

40 M

35 1

30 1

25 N

o0

s
-
-
.
-

e .
-

e
=

-
-

o
-

e
B .
.
..
. 3
.
.
.
.

e
.
:
-
=
-

-
-

.
.
-
.

.
o
B

.
-
g s
e
.

.

-

e
.

-
L

)
e
b
.
S
.
.

-
.
-

.

resoluti

EWIOW 5W 0

5E 10F 15E 20FE 25 E B0 FE 35 FE 40FE 45F 50 E 55 FE 60 E




Mean JAN Precipitation Global 30km Resolution

Mean Jan convective precipitation (mm/day) T318
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The CMCC-MED climate scenario

climate simiUTBti8H8 & d projections with interactive Mediterranean
Sea

The model: CMCC-MED

ATMOSPHERE (dynamics, physics,

prescribed gases and aerosols)

ECHAMS5 T159 (T255)
~ 80 Km (60 Km)

Heat Flux
Water Flux Heat Flux
Momentum Water Flux

Momentum




Decadal Predictions: experiment setup

@ 30-year hindcast/forecast simulations grouped into
3-members ensembles, for different start dates.

e CMCC CGCM (ECHAMS5+0PA/LIM)
e CMIP5 GHG & aerosol RF

e RCP4.5 scenario (2005 onward)

* solar variability

e ocean init.: from ODA products
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Carbon dioxide

Peak Values
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FiG. 17. Monthly mean carbon dioxide concentrations (red
curve, ppm) measured at Mauna Loa, HL. Blue fine is the 12-month
running mean. The data through 1973 are from C. D. Keeling at
Scripps Institute of Oceanography. [Analysis provided by
CMDL.]



The dilemma of climate change

Strongly science-based problem.




o Mediterransan




(ST

Centro Euromediterraneo per i Cambiamenti Climatici

"CMCC was established in
2005 by a group of Italian
Research Institutions that now
includes(lstituto  Nazionale di
Geofisica e Vulcanologia,
Fondazione Eni Enrico Mattel,
Universita degli Studi del Salento,
Centro Italiano Ricerche
Aerospaziali, Universita’ di
Venezia, Universita degli Studi
del Sannio)

"CMCC is the Italian Research
Centre on Climate Science and
Policy. Supported by the Italian
Ministry for the Environment Land
and Sea, the Ministry for
Education, University and
Research and the Ministry for
Economy

" CMCC hosts the IPCC Iltalian
Focal Point

@ AssociateCenters @ Partners




Six Integrated Divisions

Scientific Computing & Operations
Energy Scenarios
Numerical

Mitigation & Experimentations '
Adaptation Climate Scenarios ‘
Balicios Impacts on Soil &
€ o

Climate Service




The Dimension of the Climate Problem

Italy
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The dawn of a new era

Italy
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Italy
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*The power on the desktop for scientists Is
growing slower than the backend
machines.
*The data processing capability at the
desktop Is growing even slower
|ncreasing separation between computer
science and application

User-driven development
|nsufficient talent pool for application
(who remembers FORTRAN ?)




Sustaining and directing the research effort

Funding for Earth Systems research is stationary or
decreasing.

Italy

University programs, with their reliance on individually
funded research, are too small to engage in a global
programmatic approach.

Research spending from those institutions that do have
scale — e.g. defense budgets and private sector entities —
Is significantly lower than it used to be.
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We are not increasing our investments in research right
at the time when we need to generate new intellectual
capital that can help us manage both the planet and our
economic activities in the 215t Century.

>
w

B INGV -




