
Climate Research Directions
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A scientific consideration of climate (I) 

Crucial experiments like the famous experiment of 

Michelson e Morley are not possible in climate science

How is it possible a 

scientific investigation of 

climate ? 
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A scientific consideration of climate (II) 

We can male experiments if we represent the climate 

system via a set of mathematical relations: the equation 

of climate.

We can then treat very complex mathematical equations, 

paying the price of a enormous number of elementary 

operations.

The equation of climate are very difficult, but they can 

be solved by numerical methods.



IN
G

V
 -

Is
ti

tu
to

 N
a
zi

o
n

a
le

 d
i 

G
eo

fi
si

ca
 e

 V
u

lc
a
n

o
lo

g
ia

 -
It

a
ly

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 

more accurately, extensively and 

reliably.
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Improve 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

Produce numerical models, simulations, applications and assessments. 

CMCC will also perform high level training in the areas of climate 

dynamics and its impacts. 

The Mission
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Numerical 

Simulations
Agricultural Impacts:

Forests

Agricultural Impacts:

Crops

Impacts:

Energy and Economy

Impacts:

Health

Impacts:

Mediterranean Sea

Numerical Methods Software Development

Impacts:

The Coastal Zone

The Structure of the CMCC

Climate Research



CMCC-INGV planned scenario simulations:

 High-resolution, short-term (decadal)

prediction experiments

 Long scenario simulations with the Carbon 

Cycle

INGV 
ISTITUTO NAZIONALE di

GEOFISICA e VULCANOLOGIA



• 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-Ice 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)

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

INGV 
ISTITUTO NAZIONALE di

GEOFISICA e VULCANOLOGIA



• Past Control Run and Historical (1850-2005) experiment
• .

• Idealized 1% year experiment

• 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;.

Long-term (centennial) projection experiments 

with the Carbon Cycle Earth System Model

INGV 
ISTITUTO NAZIONALE di

GEOFISICA e VULCANOLOGIA



OCEAN (dynamics and physics)

NEMO/ORCA2 (Barnier et al. 2006)

SEA-ICE: LIM (Timmermann et al. 2005)

ATMOSPHERE (dynamics, physics, 

prescribed gases and aerosols)

ECHAM5 T159 - L31
Roeckner et al. (2006)

(T63-L95 stratosphere resolving) 
(Manzini et al. 2006)

COUPLER Oasis 3

Valcke et al. (2004)

COUPLER 

Heat Flux

Water Flux 

Momentum Flux

Global 

Atmosphere

Global Ocean

& Sea-Ice

SST

Sea-ice

The high resolution CMCC-MODEL 

INGV 
ISTITUTO NAZIONALE di

GEOFISICA e VULCANOLOGIA

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



INGV 
ISTITUTO NAZIONALE di

GEOFISICA e VULCANOLOGIA

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

Preliminary results from a 20th Century simulation

Mean SST 1951-2000

JFM

JAS

OBS (HadISST)

OBS (HadISST) MODEL

MODEL MODEL - OBS

MODEL - OBS



CMCC Atmosphere Ocean Model + Stratosphere ATMOSPHERE

ECHAM5

COUPLER

OASIS

OCEAN/SEA ICE

OPA8.2/LIM

ECHAM5@T63L95, top at 80 km (Manzini et al 

2006, Giorgetta et 2006, Cagnazzo et al 2007)

Present Control: 130-year Simulations

Annual Mean 

SST [K]

Model-OBS

(Model: 30-yr 

average from the 

130 year run; 

OBS: 30-yr 

HadSST)

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

Ocean (dynamics and physics)

OPA8.2/NEMO (Madec et al 1998)

SeaIce: LIM (Timmermann et al 2005)

LAND, VEGETATION and 
TERRESTRIAL CARBON

SILVA (Alessandri, 2006; Zeng et 
al 2004; Ducoudre et al 1993)

ATMOSPHERE (dynamics, physics, 
prescribed gases and aerosols)

ECHAM4/5 (Roecker et al 1996, 2003)

Marine Biogeochemistry 
and Ocean Carbon:
PELAGOS (Vichi et al 2006a,b)

Oasis 2/3 Coupler
(Valcke et al 2004)



Planned (part of the COMBINE EC project):

•Past Control Run and Historical (1850-2005) Run

•Idealized 1%/yr simulation

•RCP4.5 and RCP8.5 simulations

 

The CMCC/INGV Carbon ESM 

has been used in the 

ENSEMBLES exploratory 

runs (Johns et al, in 

preparation), with the Hibbard 

et al (2007) design applied to 

the A1B and E1 scenarios . 

Implied Emissions from the 

CMCC/INGV Carbon ESM  
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Mean JAN Precipitation Global 30km Resolution
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CIRCE
Climate Change and Impact ResearCh: 

the Mediterranean Environment

An FP6 Project of the European Union

Chair: Antonio Navarra and Laurence Tubiana

www.circeproject.eu
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Evolution of Computational Resources

Grid Spacing Effective 
Resolution (km)

Cost relative to 
2005 models

630 1350 0.015

~1975 Climate Models

320 670 0.12

160 330 1

~2005 Climate Models

110 220 3.3

50 110 27

26 60 220

17 40 830

~2005 Numerical Weather Prediction Models

10 20 3800

4 8.5 60,000

1 2.1 3,800,600

0.5 1 37,000,000
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A new paradigm for 

numerical simulations
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 objectives and goals, 

arguments for priority in terms of scientific values, relevance and 

impact

Technical Case – Definition of methods and experimental planning, 

organization and governance of the consortium, exploitation strategy

Detailed Multiyear Planning – Detailed definition of targets and 

responsabilities in the consortium, phasing of experimental and 

analysis systems and archiving, decommissioning strategy

Welcome to the era of Industrial Computing
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R&D Trends

GBAORD:

government budget appropriations or outlays on research and development 
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R&D



IN
G

V
 -

Is
ti

tu
to

 N
a
zi

o
n

a
le

 d
i 

G
eo

fi
si

ca
 e

 V
u

lc
a
n

o
lo

g
ia

 -
It

a
ly

Evolution of R&D Expenditure
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A new international research paradigm
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A new international research paradigm
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Summary Innovation Index
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Regional

R&D
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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 

Sustaining and directing the research effort
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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?

A new international research paradigm


