Climate Research Directions
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A scientific consideration of climate (1)

Crucial experiments like the famous experiment of

Michelson e Morley are not possible in climate science
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A scientific consideration of climate (11)

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

-

i

) Ny N ‘- ’
The equation of climate are very difficult, but they can e
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.
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The next generation of -
~numerical models will be like
= new, more powerful, telescopes c
<. or particle accelerators and they
leII allow us to look further into
.4 the working of the Earth climate
more accurately, extensively and ‘}‘,‘
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The Mission

| mprove our understanding of the nature and mechanisms of climate
variability, its causes and its impacts, with a special emphasis on the
Mediterranean Area and its interactions with the global climate. Major
research themes will include tropical-extratropical teleconnections, decadal
and interdecadal cliate variability and the issues linked to the general
circulation.

Develop high quality products that will be made available to the
scientific community, with an adequate user support, documentation
and training. Research will support the improvement of the CMCC
products and guarantee a continous high quality level.

Establish a significant computational facility to support italian climate
numerical simulation research and contribute to capacity building in the
Mediterranean region
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Produce numerical models, simulations, applications and assessments.
CMCC will also perform high level training in the areas of climate
dynamics and its impacts.
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The Structure of the CMCC

: Climate Research
Numerical Methods Software Development

Numerical
Simulations
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CMCC-INGV planned scenario simulations:

» High-resolution, short-term (decadal)
prediction experiments

» Long scenario simulations with the Carbon
Cycle



ISTITUTO NAZIONALE di

CENTRO EURO-MEDITERRANEO GEOFISICA e VULCANOLOGIA

PER | CAMBIAMENTI CLIMATICI

High-resolution, short-term (decadal) prediction experiments

 Ensemble of integrations of the period 1965-2035 with start
dates every 5 years (1965, 1970, ..., 2005) and 3 member for
each start date;

* Oceanic initial conditions: Ocean Analysis (CMCC-INGV) with
observed anomalies on top of model climatology;

« Atmospheric ini. cond.: AMIP run;

« Sea-lce ini. cond.: Ocean Analysis for the sea-ice cover
distribution and model climatology for the sea-ice thickness;

« Prescribed GHGs and aerosols from observations for 1965-
2005 and from scenarios (according to CMIP5) for 2005-2035;

(Start by the end of 2009)
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CENTRO EURO-MEDITERRANEO GEOFISICA e VULCANOLOGIA

PER | CAMBIAMENTI CLIMATICI

Long-term (centennial) projection experiments
with the Carbon Cycle Earth System Model
« Past Control Run and Historical (1850-2005) experiment

« ldealized 1% year experiment

e Prescribed GHGs and aerosols from observations for 1965-
2005 and from scenarios (according to CMIP5, RCP4.5 and
RCP8.5) for 2005-2100;.

« Hibbard et al (2007) design: Specified CO2 concentration,
save the land and ocean carbon fluxes to compute implied
emission;.



| CENTRO EURO-MEDITERRANEO

PER | CAMBIAMENTI CLIMATICI

© iRy
High-resolution, short-term (decadal) prediction experiments
The high resolution CMCC-MODEL

ATMOSPHERE (dynamics, physics,
prescribed gases and aerosols)

ECHAMS T159 - L31
Roeckner et al. (2006)
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High-resolution, short-term (decadal) prediction experiments

Preliminary results from a 20th Century simulation
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[CMCC Atmosphere Ocean Model + Stratosphere\

ECHAM5@T63L95, top at 80 km (Manzini et al
. 20086, Giorgetta et 2006, Cagnazzo et al 2007)
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Planned (part of the COMBINE EC project):
-Past Control Run and 3 Ensembles of 10-year Hindcasts Runs
Near- Term Potential Predictability Runs (3x10,; RCP4.5)




CMCC/INGV Carbon Earth System Model

ATMOSPHERE (dynamics, physics,

prescribed gases and aerosols)

ECHAM4/5 (Roecker et al 1996, 2003)

Oasis 2/3 Coupler
(Valcke et al 2004)

Marine Biogeochemistry
and Ocean Carbon:

PELAGOS (Vichi et al 2006a,b)
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has been used in the 14| " Fosst emsions
ENSEMBLES exploratory 1| ot emsinsatans se
runs (Johns et al, in - 101 Obs. Growth Rate
preparation), with the Hibbard £

et al (2007) design applied to

the A1B and E1 scenarios .

Implied Emissions from the

CMCC/INGV CarbonESM o}~
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Planned (part of the COMBINE EC project):
*Past Control Run and Historical (1850-2005) Run

-Idealized 17%/yr simulation
*RCP4.5 and RCP8.5 simulations




Mean JAN Precipitation Global 30km Resolution

Mean Jan convective precipitation (mm/day) T318
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Evolution of Computational Resources

~1975 Climate Models

~2005 Numerical Weather Prediction Models
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A new paradigm for

numerical sgnulations

Numerical experiments will be complex multi-institutional,

transnational enterprises
.Concept Stage — Definition of idea and objective, analysis of

existing skills and resources
.Scientific Case —Definition of scientific objectlves and goals,

arguments forpriority in terms of scientific values, relevance and
tlmpact |

‘wTechnical Case — Definition of methods and experimental planning,
¢ vnlzatlon and governance of the consortium, exploitation strategy
tailed N ultlyear Plannlng Detalled definition of targets and
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R&D Trends

Figure 1.1: Total GBAORD as a percentage of GDP, EU-15, EU-27, Japan and the United States, 1996-2006
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government budget appropriations or outlays on research and development
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Figure 1.4: Total GBAORD in EUR per inhabitant, EU-27 and selected countries, 2006
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Figure 1.2: Total GBAORD as a percentage of GDP, EU-27 and selected countries, 2006




Evolution of R&D Expenditure

Figure 2.2: R&D expenditure as a percebtage of GDP in 2006 and average annual growth rate (AAGR) 2001-
2006, all sectors, EU-27 and selected countries
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Table 1.6: Total GBAORD in EUR million and by socio-economic objectives as a percentage of total
GBAORD, EU-27 and selected countries, 2006

£ E
e
g 8 | ¢ 5 g $
€ 28 2 € g
c c = & = -E E g i n .g E
At HILRE IR AR AR R z ¢
e 8 = i W § 8 " ] 2 g § E E E } = [
2 t H] .! S _E l:‘ = 2 - i’y i 5 = '=‘
se8 | fE3|35¢ 2 ’gég £ | 26 E¥ 83 | %3 g 3 3 g3
f3g §5: &% EE 3’. 2 E »E 23 £ 2 5 = §§§
Ig‘ TS £E - £ s T E.E % E B 3 g g G = @
=8 £ =% uwulla afbEE|&=% - £ = = ] -= = =1 [ = | £
EU-27 165 18 255 | T4s 25 s 335 104 = 358 | 465 303s 17.1s 18s 1325 868 s a7 B4l s
BE 06 0a 22 18 9 13 333 41 1001 171 235 26 a3 997 18946
BG : : : : : : 75
oz 21 g 26 68 i4 45 118 25 o7 54 268 &0 3 96.9 546
DK o7 o7 7 85 a1 59 4 65 19 443 152 15 ar §93 1587
DE 18i 18i 3N 4510 29i 231 12610 351 451 33zi 169 06i 65 i 9351 17 608
EE 15e e 5Be G3e ile 103e 52e The Qe 00e 487 n 44 10e §99.0 e 67 e
IE 26 05 0.8 55 0.0 5.8 93 11.1 oo 574 25 [e14] ] 100 B58
EL 34 il 3.1 7.1 a1 6.0 103 47 0 475 53 17 as g995 585
ES 12 43 iF 105 7 6.2 195 3 25 184 73 40 162 338 979G
Ff 07 p 07 p 2ip 48p G 12p - 0sp 7ip Nip 266 p ifp 224 p 6D 18225 p
IT 23 10 26 103 40 40 1.7 5.2 25 418 6.2 1} 14 98.6 9099
Y 1.6 13 1.1 &1 04 210 27 79 oo 70 310 oo 0.0 100 47
LV 0.6 16 28 6.9 i4 18.7 162 B.1 03 : 411 : a3 99.7 AR
LT 26 43 93 a9 iz g3.4 122 323 : : : 170 a8 g8.1 78
LU 04 iz 40 a4 06 16 121 158 04 188 204 ER| an 100.0 114
HU 2% 1 97 131 104 164 196 9.1 23 al 50 o3 aa 599.9 329
MT oo 0a 0.0 oo 00 63 al¥] 42 oo BA1 13 13 0.0 100 105
ML 03 EF: 19 45 a1 53 109 18 ER| 471 0.0 7.1 21 5979 i858
AT 20i 147 16i 38i o7Fi 15i 12610 19i 02i L 1321 oOi aoi 100 1682
PL 0.9 o7 13 15 o7 07 108 0s o1 48 76.9 02 a9 g9.1 B58
PT 12p 66 o iBp 7op 0sp Bip 169 o ifp 03p EBEp 93p Zp 05 p 994 p 116p
RO 23 £l ] 5.1 57 13 G4 121 g 14 : 138 128 iz 96.8 g
al oo 16 1.6 i7 09 23 k) 23 oo 45 45,6 G2 1.6 984 173
5K 1.0 3 0.0 50 Q1 8.1 89 25 : 60 326i 17 66 i g934i 120
Fl 1.2 0 1.6 62 44 58 P 55 1.7 56 16.2 : 2B 972 1692
SE 07 p 40p 1Bp 12p G 22p 57p 45p 0 p FLA 136p : 168 832 7S
LK 27p 083p 1Ep 141 p 02p ilp 11p 53p 11p Nep 186p 04 2B3p ip 14124 p
15 : 47 04 10.9 15 211 09 76 : 404 125 [614] 0o 100 117
ND 25 14 19 113 i3 8.5 8 63 | 21 45 129 : 59 | G4.1 1 B&5
CH ol 03i 0 13i 1oi 221 10i 221 451 566 91i 17710 06i G041 2123
JP 18i 411 0Bi 1g9i 152i 340 3i 0Fi 6810 420 16.7 i : 510 9491 244781
AY : : : B : : : : : : : : : : 2834
Us o8i 13i 0si 2181 09i 20i 03i 1.3 76 : 5510 0o 578 A2 108 330




1abDie £.3: hal) eXpenditure in EUR million and average annual growtin rate (AAGR), DY S€eCtor or permormance,

EU-27 and selected countries, 2001-2006
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Summary Innovation Index

Figure 5.1: Summary Innovation Index (SlI) in 2007 and growth rate of Sll, EU-27 and selected countries
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Regional
R&D

Italy
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Map 2.12: R&D expenditure as a percentage of GDP, all sectors, 2005 - NUTS 2

2 LE

R&D expenditure
as a % of GDP, all sectors,
by NUTS 2 regions, 2005
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{ i?i INGV - Istituto Nazionale di Geofisica e Vulcanologia - Italy

Sustaining and directing the research effort

Funding for Earth Systems research is stationary or
decreasing.

Single investigator programs (NSF or ERC)are too small
to engage global issues.

Research spending from defense budgets and private
sector entities — Is still not keyed to climate and low
carbon research.

Investments in climate research and low carbon
technologies are not growing
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A new International research paradigm

We need to identify the new questions. What are the big
scientific and technological questions that will make a
real difference to policy and investment decisions in the
coming decade, and that can drive the research agenda of
the next generation of researchers and scientists?

We need to mobilize new sources of funding. We need
to be able to articulate the scale of funding needed. What
IS the scale of that funding? How does it compare to
other efforts to accomplish other advancements in
knowledge and technology?

We need new global institutional solutions to deliver the
support this research deserves. What forms of global
public-private partnerships do we need to ensure the
private sector invests for the long term? What
Institutional arrangement should we set in place?




