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Institution(s)

Unit number

CNRS / INSU (Partner 1)

DGS1619

IPSL (Partner 2)

FR 636

Organization of the partner(s)

The L-IPSL partnership is composed of the 6 laboratories federated by IPSL and two additional
laboratories with a similar level of participation. The L-IPSL partners are ordered by unit number.

Laboratory/Institution(s) Unit number Research Organisation reference
LPMAA (Partner 3) UMR 7092 UPMC/CNRS

LOCEAN (Partner 4) UMR 7159 UPMC/CNRS/IRD/MNHN

LISA (Partner 5) UMR 7583 UPEC/CNRS/IRD/UPD

LATMOS (Partner 6) UMR 8190 UVSQ/CNRS/UPMC /

LSCE (Partner 7) UMR 8212 CEA/CNRS/UVSQ

LMD (Partner 8) UMR 8539 ENS/CNRS/EP/UPMC

SISYPHE (Partner 9) UMR 7619 UPMC/CNRS/EPHE

IDES (Partner 10) UMR 8148 UPSUD/CNRS

A list of acronyms is given in the Appendices (Chapter 7.2.)
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1. SUMMARY

Context of the proposal

The global climate change that results from the anthropogenic emissions of greenhouse gases (GHG)
is one of the important factors, which will affect the future development of our societies. After several
decades of research climate change is considered by the very large majority of the scientific

community as fiunequivocal o, as underlined by the

over the last century results from anthropogenic GHG emissions into the atmosphere, which strongly
accelerated after 1950. Most of these GHG remain several decades or centuries within the
atmosphere, with consequences for our climate that will further develop and increase throughout the

coming century and beyond. Since the 7006s or the 80606s

climate modifications that manifested themselves later in the real world. The progress of the research
over the last 40 years has been sufficient to raise the alarm about global climate risks on a solid
scientific basis.

However recent scientific advances remain insufficient for decision making, which would require better
predictions of climate change and climate impacts over the next decades at the regional scale.
Improving such predictions requires a new dedicated effort in our capacity to observe, understand and
model the climate system, and constitutes the goal of the present proposal.

This is also a key objective of the international research community for the years to come, and it is
important that France plays a key role in this joint but competitive effort. With their capacity to both
model and observe all the components of the climate system, the IPSL laboratories can play a
decisive role in this new phase of climate research. Such a project is required for a step change in our
model |l ing capability of the climate system and

The IPSL federation: history and present situation

The Institut Pierre Simon Laplace (IPSL) is federating six laboratories of the Paris area dealing with
global environmental issues. In its 15 years of existence, IPSL has managed to aggregate the
capabilities of these laboratories to develop new trans-disciplinary research projects. IPSL has
successfully developed dedicated research tools, as a result of a very collective but integrated
process. These tools include state-of-the-art architectures for climate models, instrumented observing
sites and a common observational strategy, joint space mission projects, and data processing and
archiving facilities at the interface between models and observations. All these achievements have
created a very strong linkage between the participating laboratories.

IPSL has therefore served as a structure to engineer successfully ambitious collective projects. The
present proposal is to set up to create a new ambition, to meet the demanding and urgent scientific
needs which are in front of us. This LabEx proposal will be refered to as L-IPSL below.

The L-IPSL partnership

The 6 laboratories of the IPSL federation are: LPMAA (UPMC/CNRS), LOCEAN (UPMC/CNRS/IRD/
MNHN), LISA (UPEC/CNRS/IRD/UPD), LATMOS (UVSQ/CNRS/UPMC), LSCE (CEA/CNRS/UVSQ),
LMD (ENS/CNRS/EP/UPMC), CNES is also a sponsor of the federation. These laboratories will all
integrate the L-IPSL proposal, with an average 70% of their teams being involved.

To enhance the hydrological component of the project two additional laboratories will join the
partnership: SISYPHE (CNRS/ UPMC) and IDES (UPSUD/CNRS).

L-IPSL stands at the centre of an active array of national and international collaborations. It will be a
prominent actor in the model intercomparison exercices promoted by the World Climate Research
Programme (WCRP), the International Geosphere Biosphere Programme (IGBP) and the IPCC
throughout the next decade, and will serve as an active partner to promote interdisciplinary links
between observations and model studies.

add

L-l PSL is also strongly engaged in other propesal s

Scope, SOFRAEX, PACEC), IEED (CLAIRE), and is connected to other LabEx proposals focusing on
other dimensions of climate research in fields such as biodiversity, agronomy, or socio-economics,
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and will contribute to three IDEX proposals. The research, which is put forward in the present LabEx
proposal, is key to the scientific success of these proposals. The different proposals have been
carefully designed to complement each other.

The research project

The goal of the project is to provide an assessment of the potential consequences of climate
change at the time and space scales which are the most pertinent for political or economical
decisions, e.g. a few decades ahead (the time scale of infrastructure planning) with a strong
focus on the local or regional scales (which are those of climate impacts on environmental
resources).

A fAquantumo | eap effort is necessary to make signific
science where research has been progressing at a slow pace, as it faces a number of unresolved or

ill-resolved blocking problems. Going from the main concern (GHG increase) to the consequences, a

number of important questions are still open. L-IPSL researches will be organized as Work Packages

(Wps) with these open questions:

1 (WP-1) How far can we really anticipate the future evolution of the atmospheric composition, which
depends on a very large number of factors including socio-economic drivers?

1 (WP-2) How can we determine what is really predictable in terms of future climate evolution, in a
system that combines anthropogenically induced changes and natural fluctuations?

1 (WP-3) What are the relations between the global evolution of the climate and its regional
consequences?

1 (WP-4) How much do these local or regional climate evolutions impact environmental resources
such as freshwater availability, air quality, and oceanic and terrestrial ecosystem services including
the maintenance of biodiversity?

T (WP-5) How can we assess the potenti al eismpachtatofmauwn
result from the rapid non-linear behaviour of Earth System components that usually tend to evolve
more slowly, such as the oceanic circulation, the continental or oceanic biosphere, glaciers and ice
sheets?

The L-IPSL project is also organized around 3 transverse actions (or TWPs) essentialto tackle the

folwing challenges:

1 (i) to improve the physical content and realism of numerical climate models and take advantage of
the continuous and rapid increase in computer capacities. Models now couple atmospheric,
oceanic and continental components of the Earth System, through a representation of relevant
physical, chemical or biochemical processes. Model inter-comparison programmes have been
organized under the auspices of the WCRP and IGBP. The successive IPCC reports have very
largely based their assessments (every 5 to 6 years) on these programmes, which have grown
each time one-order of magnitude in complexity and size, with a huge increase in the volume of
exchanged data (1 Petabytes of data archived by the IPSL for the present exercise, and much
more to expect 5 to 10 years from now).

1 (i) to evaluate models and climate change projections taking advantage of the large amount of
data that become available through established observational programmes coordinated at the
international level (GCOS and GEO). These programmes are based both on the continuity of key
measurements (for a few decades now) and on process-oriented field campaigns. A number of
important measurements are still missing (such as high precision measurements of carbon dioxide,
water vapor or active gases in the troposphere or the stratosphere, ocean currents, ocean
composition, continental carbon content). L-IPSL will be a driving force to propose new actions on
the time scale of the next 10 years.

1 (i) to develop methodologies to asses uncertainties or determine the degree of confidence in
climate change projections and design appropriate communication methods to disseminate the
results of the huge and complex amount of information that arises from researches. This will
permit to respond to the needs of end-users who will access this information through different
knowledge transfer and advice mechanisms.
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Innovation

L-IPSL will produce a very large amount of data and results, with a strong value for decision-making
for both the public and private sectors. These results are subject to strong uncertainties and
continuous scientific updating, which requires L-IPSL to be closely associated to their dissemination
and utilisation.

At the same time L-IPSL cannot by itself satisfy the growing demand of information and advice on
climate. The strategy of L-IPSL will therefore be to participate directly to a few demonstrator projects,
but also to seek close collaboration with partners, such as KIC Climat, IEED CLAIRE or start-up
companies, which are able to organize this knowledge transfer on a larger scale.

The Research and Development activities of L-IPSL in terms of models and instrumentation will also
bring focused technological advances, which will allow research valorisation actions with industrial
partners.

Training, education

The laboratories participating to L-IPSL organize, within their host Universities and Grandes Ecoles,

the quasi-totality of the Master and Doctoral educational offer of the Paris area on the climate system.

Teaching at the M2 level is distributed over several Masters (but the courses are very often taught by
professors wh o Cross t he boundari es of their own i
c o mmu nin theyParis area). The doctoral studies are also distributed over a few Ecoles Doctorales,

but the ED129 (fASci ences-dedFer aln& EatgréeditedohynUPME@, UVSQe n | | e
ENS, with an association of UPD), strongly connected with the IPSL community, plays a central and

unifying role.

The action of L-IPSL will be to generate new collective projects addressing what may constitute the

main weaknesses of the present system:

1 (1) The lack of an M2 project which would be able to attract a significant amount of non-French
speaking students on the issue of ACIimate and Envi |
1 (2) The need of a more systematic approach to training through summer schools and dedicated
seminars for different professionals.
1 (3) The production of dedicated material: reference books based on the large number of courses,
which are presently taught, e-information based on the scientific results of L-IPSL.

Management structures

The L-IPSL an ambitious project centred on the anticipation of climate changes for the coming years
which emanates from the IPSL federation, with an extension to the new partners to address the keys
question of continental surfaces and hydrology..

The L-IPSL management will benefit from the long experience in collaborative research within the

IPSL federation. A dedicated project board, which will gather the leaders of the different work

packages and the directors of all L-IPSL laboratories will be set up to tackle the specific challenges of

the L-l PSL project. This boasred | widlels rMapgerdtl esd wwhiicCh wi
authority. The board will arbitrate the choices to be made between the various WP.

The IPSL Scientific Council, an external committee composed of recognized leader in their field, will
follow the progress of the L-IPSL project, propose new evolutions and guaranty it success
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2. APPLICATION TO THE AC  TIONS OF THE PROGRAM
« | NVESTISSEMENTSD OGAVENIR »

By its vocation of coordinating climate sciences in the Paris area (lle-de-France), essential to reach
the critical required to tackle the challenges of climate change anticipation, the L-IPSL project is
transverse to the various Initiative D'EXcellence (IDEX), which will be developed by the major
consortiums (or PRES for Poles de Recherche et d'Enseignement Supérieur) of Universities and
Grandes Ecoles in the Paris area. However, because of the importance of those questions, and
because of the strong link of the L-IPSL teams with other teams of other disciplines and of their
implication in environmental interdisciplinary studies developed in these PRES, IPSL will actively and
fully participate to three of the IDEX project in preparation: PRES Paris Sorbonne, Campus Paris-
Scalcay and ldefix.

L-IPSL is also strongly involved in the "Institut d'Excellence en Energie Décarbonée" CLAIRE, which
aims at sponsoring relationships between academic, institutional and industrial actors as regards the
questions of anthropic and natural emissions monitoring, anticipation of climate change and mitigation.
L-IPSL teams are also involved in a series of Equipments (or services) proposed in the frame of the
Equipex programme. Equipex and IEED are listed below, separating in a first part those in which
L-IPSL teams act as a coordinator or have a strong contribution and in a second part those with minor

ME

importance for L-IPSL and which are part of other LabEx.

Action Project Objectives Coordinating | Scientific Consortium

name acronyme Organization coordinator

Actions proposed for the Equipex application, in which L-IPSL teams act as a coordinator or have a strong contribution.

EquipEx FONCE Network of coastal observations | Ifremer P. Farcy Ifremer / INSU

(Ifremer) & All French coastal
G. Reverdin observatories
(LOCEAN)

EquipEx GHG- SCOPE | To enlarge ICOS objectives to CNRS-INSU N. Papineau IPSL (LSCE, LMD) and
the calibration and validation of (IPSL) major labs in France
satellite greenhouse gas (EPHYSE, Eco et Sols,
measurements EEF, EGC, UREP, ESE,

OMP, ANDRA, CNRM,
OPAR)

EquipEx NAOS Novel ocean floats with physical/ | Ifremer P.Y. Le Traon INSU, UPMC (LOV et

biogeochemical sensors (Ifremer) LOCEAN) and all major
oceanography labs in
France

EquipEx PACEC To conduct joint competitive and | UPSUD C. Colin (IDES) UPSUD, CEA, CNRS,
innovative research activities in & E. Cortijo uvsQ
the fields of geochronology, (LSCE)
climate and hydrology). Set of
mass spectrometers laser
spectrometers, cathodo-
luminescence system, XRF core
scanner and ICP-MS-HR

EquipEx SeineARIO To monitor the microbial and UPMC JM. Mouchel CNRS-INEE, UPD,
chemical dynamics of the larger (Sisyphe) MNHN, UPEC.
streams in the Seine Basin in SISYPHE + 5 French
the long term. 10 autonomous laboratories DT INSU
stations to measure in real time
a large number of parameters
(Nutrients, inorganic and organic
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forms of carbon).

EquipEx SOFRAEX To study processes in the CNRS- INSU P. Keckhut IPSL (LATMOS LSCE
atmosphere related to aerosols, (IPSL OVSQ) LISA LMD)
clouds and precipitation using a Major labs in France
combination of fixed sites and (LOA, LAMP, CNRM,
mobile equipments. LA, LACY, LGGE,

ANDRA, ICARE,
INERIS)

IEED CLAIRE to build an ecosystem of FCS Y. Caristan AgroParisTech, CEA,
academic, institutional and (Fondation de (CEA) CNRS, Ecole
industrial actors on the Saclay Coopération Polytechnique, Ecole
plateau which will profit by a Scientifique) Centrale Paris, ENS
major strategic lead in the world Cachan, ENSTA
competition of green growth. ParisTech, INRA, Mines

ParisTech, PRES Paris
Tech, PRES Univ. Sud
Paris, Supélec, UPSUD,
uvsaQ.

Actions with minor importance for L-IPSL and which are part of other LabEx

EquipEXx IAOOS To implement and maintain a UPMC C. Provost INSU, IPEV, ICARE
network of drifting buoys at the (LOCEAN) & J.
regional scale, to simultaneously Pelon
monitor oceanic, sea-ice and (LATMOS)
atmospheric parameters over
the arctic region and
complement satellite
observations for climate change
studies.

EquipEx PAPRICA Supercomputer for the Météo - Ph. Bougeault Météo-France, SHOM,
development of advanced France (Météo-France) IFREMER, SCHAPI,
numerical prediction for INERIS, CEREA, LA,
prevention of meteorological, LEGOS,LMD
oceanic and climate risks

EquipEx REFIMEVE To provide distribution of the Univ. Paris 13 C. Chardonnet LPL (Univ. Paris 13,
best optical frequency standard CNRS), SYRTE
with a relative accuracy from a (OBSParis, CNRS,
few 10-16 (today) to about 10-17 UPMC), GIP RENATER,
in the next years to a set of IDIL, LPMAA (IPSL,
laboratories located in many UPMC, CNRS) and
places in France LKB, LCFIO, ISMO,

APC, P2IM, LCAR,
UTINAM, FEMTO-ST,
PHLAM

EquipEx URBATRON To develop analytical ENPC B. Tassin LEESU (UPEC-ENPC);

capabilities experimental
analytical capabilities tools
simulation tools and numerical
models devoted to urban
environment

LISA (UPEC-UPD-
CNRS) CEREA (ENPC-
EDF)
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Name of the partner Affiliation

Staff number by category

IPSL (Partner 2) CNRS

Researcher: 1
ITA: 18
CDD: 3

uvsQ

IATOS: 1
CDD IATOS: 1

UPMC

Researcher: 1
IATOS:1

CNES

Researcher: 1

LPMAA (Partner 3) UPMC

Teachers-researchers: 3
IATOS: 3
PhD students: 1

CNRS

Researchers: 2
ITA: 5

CDD: 3

PhD students: 4

LOCEAN (Partner 4) UPMC

Teachers-researchers: 9
IATOS: 8

CDD: 8

PhD students: 32

CNRS

Researchers: 19
ITA: 22

CDD: 16

PhD students: 2

IRD

Researchers: 23
ITA: 16
CDD: 2
PhD students: 16

MNHN

Researchers: 4
ITA: 4

Other

Teachers-researchers: 6
CDD: 4
PhD students: 5

LISA (Partner 5) CNRS

Researchers: 11
ITA: 13
Post-docs:1
CDD: 1

UPEC

Teachers-researchers: 12
IATOS: 5

Post-docs: 3

PhD: 3

UPD

Teachers-researchers: 8
IATOS: 4

Post-doc: 1

CDD: 1

PhD: 4

IRD

Researchers: 2

LATMOS (Partner 6) uvsQ

Teachers-researchers: 14
IATOS: 2
PhD student: 2

CNRS

Researchers: 25
ITA: 33

CDD (engineers): 10
Post-docs: 6

UPMC

Teachers-researchers: 4
IATOS: 3
PhD students: 16
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LATMOS (to continue)

Other:

CNES

University Paris 8
Foreign country

Post-doc: 1; PhD student: 1
PhD student: 1
PhD student: 1

LSCE (Partner 7)

CEA

Researchers/Engineers: 75
Technicians: 17

CNRS

Researchers: 27
ITA: 27

uvsQ

IATOS: 1
EC:5
CNAP: 2

IRD

Researcher: 1

LMD (Partner 8)

CNRS

Researchers: 36
ITA: 37
CDD: 1

ENS

Teachers-researchers: 2
IATOS: 1

Post-docs: 2

PhD students: 4

UPMC

Teachers-researchers: 10
IATOS: 3
PhD students: 11

Ecole Polytechnique

Teachers-researchers: 2
IATOS: 3

Post-docs: 4

PhD students: 4

Other:

UPSUD, Univ. Paris 13,
Meteo-France, ENPC, CNES,
IRD, ADEME, ESA,
volunteers

Researcher: 2
Teachers-researchers: 2
ITA: 1

CDD: 19

Post-docs: 14

PhD Students: 25

SISYPHE (Partner 9)
(including the permanent staff
of the FIRE federation)

UPMC

Teachers-researchers: 15
IATOS: 6

ATER/ Post-docs: 5
CDD: 3

PhD students: 34

CNRS

Researchers: 5
ITA: 8
Post-doc: 1
CDD: 1

PhD students: 4

EPHE

Teachers-researchers: 3
ITA: 2
PhD students: 2

IDES (Partner 10)

CNRS

Researchers: 5 CNRS
IT: 9
PhD student: 1

UPSUD

Teachers-researchers: 35
IATOS: 14

PhD students: 15

ATER: 5

Other:

CNES, CEA, IRSN, AREVA,
Marie Curie, BGF, Foreign
country...

PhD students: 15

The 8 laboratories and the IPSL federation that constitute the L-IPSL partnership are all involved at 65

to 100% in the LabEXx.

The relative contribution of the partners to the L-IPSL and to other LabEx initiatives is summarized in

the table below.
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Lab permanent | involved Contribution
staff in L-IPSL 50 100 150 to other Labex
IPSL staff 22 20 =
LPMAA 22 3 1 MiChem(8) /AASG(1)
Locean 111 103 . Odyssee (8)
IPSL labs Lisa 67 34 Urban Futures (21)/ Esep(12)
Latmos 134 81 Esep (53)
LSCE 165 155 Acte (10)
LMD 99 95 | Esep (4)
New labs Sisyphe 49 39 . Odyssee (10)
Ides 63 63 \ _
Total 732 603

The implication of the various teams of the L-IPSL laboratories to the WPs and TWPs presented in

Section 5 is detailed below.

WP1 WP2 WP3 WP4 WP5 TWP1 TWP2 TWP3

TPSL

IPSL technical support

TPWAR

Atmosphere Biosphere through CO2 Isotopes

GHG Spectroscopy

Tracers for Atmospheric Change
Satellite, balloon and groundbased observations
Remote sensing and radiative transfer

==

LO

Climatic varlabﬂl'ty

Climate variability regionalisation and impacts

Polar ocean study

Ocean processes (surface and interfaces)
Biogeochemical processes, proxies and paleoclimate
Ocean dynamics - biogeochemistry and carbone cycle
Ocean modelling - NEMO system team

TSR

Mineral dust cycle

Atmospheric spectroscopy

associated radiative effects
troposphere/stratosphere

atmospheric water cycle components
surface/atmosphere energy exchanges
-

Biogeochemical cycles and climate
Climate-aerosols retroactions
Quantify natural climate variability
Climate variability and predictability

Climate extremes

Hydrological implications of climate change
Biogeochemical fluxes from land to ocean

Tropical Energy and Water Cycle
Global modeling and climate change
Climate variability and predictability

Stratified rotating flui

Atmosphere-Biosphere-Climate remote sensing

ds

Interfaces of the troposphere

Hydrology and Hydrogeology

Biogeochemistry
Geophysics

TOES

Paleoclimates and biogeochemistry

Hydrology and hydrogeology

Geophysics and arctic regions (Earth/planets)
Volcanism-climate relationship
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3.2. RELEVANT EXPERIENCE O F THE PROJECT COORDI NATOR

The project coordinator is Professor Hervé LE TREUT

Curriculum Vitae

Present positions

Hervé Le Treut is Professor at Université Pierre et Marie Curie and Ecole Polytechnique. He is the
current director of Institut Pierre-Simon Laplace (IPSL federation). He has 8 year experience in
managing research structures and is the author or co-author of more than 100 reviewed papers.

Honours
Member of the French Academy of Sciences (since 2005)

Member of the Academia Europeae (since 1999)

Education and elements of scientific trajectory
Studies of Physics at Ecole Normale Supérieure (1976-1980)

PhD (Doctorat doEtat), University Pierre et Marie Cur
CNRS permanent position since 1984

Creation and direction (with Pascale Delecluse) of the IPSL Modelling Group (1995-2002)

Director of the Laboratoire de Météorologie Dynamique (LMD), 2002-2008.

Various scientific committees in France, most notably: Meteo-France (1999-2003), Institut de
Recherche pour le Développement (2001-2003), Gaz de France (since 2005)

Admini strative Counci l of C o nmee 2809)aand o&lbstitut FrangaE due r gi e A
Pétrole (since 2009)

Main international commitments
Participation to the IPCC: Review Editor (5" Assessment), Coordinating Lead Author (4"
Assessment), Lead Author (3 rd Assessment) and contributing Author (1 * and 2" Assessments).

Member of the Joint Scientific Committee of the WCRP
Past member of several WCRP Panels: WGCM, VAMOS
Vice-President of EGS (Climate Section T up to the transformation into the EGU)

Board member of several European projects (CIRCE, ENSEMBLE, CLARIS). Past directions of
several EU projects (Cloud-Feedbacks and Diagnostics, Climate Changes over South America)

Creation, with B. McAvaney of the CFMIP project
Science Panel of several space missions: CALIPSO (CNES/NASA), ACE+ (ESA), etc.

Experience outside France
Internship at Courant Institute (New-York Univ.) and Goddard Space Flight Center (1981)

Consultant, ECMWF (about 1 year of presence, distributed over 1989, 1990, 1991)
Invited Professor, Université de Louvain-la-Neuve (1995)

Invited Scholar, UCLA (Summers 1997 and 1999)

Continuous interactions with various Argentinian teams since 1991, on a yearly basis.
Deputy director of the Franco- Argentinian Unit IFAECE
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4. DESCRIPTION OF THE EX ISTING

4.1. PRESENTATIONOF THEP ARTNERS

The L-IPSL partnership is composed of the 6 laboratories federated by IPSL and two additional
laboratories with a similar level of participation. Here are presented relevant figures summarizing the
L-IPSL proposal.

Laboratories | Evaluation Total Perman = Equipment and Contracts Quantifiabl
AERES /other permane  ent staff infrastructure available @ public/ e elements
nt staff inL- private ( Ku Bibliograph
in the IPSL 2009) y
labs Excluding salaries
Nb of projects 2010
IPSL AERES: A 22 20 CLIMSERV and CICLAD Public: 270
(Partner 2) (2009) platforms: computal Private: 0
services, data archival N° of project: 5

and distribution centers
SIRTA Atmospheric
Research Observatory

LPMAA AERES: A 22 13 QUALAIR Platform i Publ i c: 823 14
(Partner 3) (2008) FT, Laser and Mass Private: 0
Spectrometers N° of project: 10

Mechanics and
Electronics Workshops
Computing Clusters

LOCEAN AERES: A+ 111 102 NEMO, CARAUS, Publ i c: 2 1 128
(Partner 4) (2008, vague C) SNAPO-CO2, MEMO, Private: 27
SSS Nb of project: 5

Palateformes: ALISES,

participation to

geochemistry platforms

of UPMC pole 3
LISA AERES: A 67 34 Pl in several space Public:1500 ku 64
(Partner 5) (2008 vague C) instruments for planetary ' Pr i vate: 10

exploration or for Earth N° of project: 49

observations (IASI,

MIPAS), platform of

atmospheric simulation

chambers (as CESAM

labeled by CNRS-INSU),

SDT observing network,

as analytical instruments

(electronic microscopes,

ICP-AES, ICP-MS, GC-

MS, IRTF, Heliostat,

clean roomsé

LATMOS AERES: A 134 81 NDACC French - 4 R&D European FP, = 89
(Partner 6) (vague C CETP responsibility mean annual income
and SA), 2008) (instrument network for 225 ku
survey of atmospheric - 10 ANR contracts:
composition change) mean annual income:
- Numerous instruments | 574 ko
for atmospheric remote - 2 ESA contracts
sensing mean annual
- Contribution to the - 1 CEA contract (80
IPSL Earth System k a)
simulator (stratospheric - CNES contracts (740
part) kad in 2009
- Pl-or Colship in 10 - 1 industrial CIFRE
satellite Earth contract (Thales)
observation missions
LSCE AERES: A+ 165 155 ICOS infrastructure and Public: 6 M 222
(Partner 7) (2009 vague D) GHG scope Private:

PACEC analytic platform = N° of project: about 80
IPSL earth system
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LMD
(Partner 8)

SISYPHE
(Partner 9)

IDES
(Partner 10)

AERES: A+ 99
(2009 vague C)

AERES: A 49
(2008)
AERES: A 63

(2009 vague D)

2010

95

39

63

SCIENTIFIC SUBMISSION FORM B
model components
(biogeochemical cycles
(ORCHIDEE, PISCES,
INCA)
Lidar systems, aerosols
and VOC facilities
- MOBILIS facility Publ i c: 5 0 119
(mobile lidars for Private: 24
aerosols and cloud N° of project: 45
observations)
- Pl-or Colship in
numerous satellite Earth
observation missions
Hydrogeology Publ i c: 140 63
Biochemistry Private: 20
Geophysics N° of project: 25
- 3 platforms : Public: 936 55

i) Geochemistry (8
instruments, including 4
mass spectrometers)

ii) Mineralogy (6
instruments : XFR, MEB,
é)

iii) Geophysics (6
instruments :

si smometer,
- White room

- Hydraulic channel in
cold chamber

Private: 20
N° of project:

- Public (ADEME): 1
(8kiu)

- Private (TOTAL,
AREVA, ADEQUA): 3

(209 ku)

- European: 1 (196
Kua)

-ANR: 7 (67¢
-CNES: 1 (5¢
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4.1.1 PARTNER 1: CNRS (CENTRE NATIONALDE LA  RECHERCHE SCIENTIFIQUE )

4.1.1.1 DESCRIPTION
The Centre National de la Recherche Scientifigue (CNRS - National Centre for Scientific Research) is

a government-funded research organization, under the administrative authority of France's Ministry of
Research. Founded in 1939 by governmental decree, CNRS has the following missions:

1 To evaluate and carry out all research capable of advancing knowledge and bringing social,
cultural, and economic benefits for society.

To contribute to the application and promotion of research results.

To develop scientific information.

To support research training.

To participate in the analysis of the national and international scientific climate and its potential for
evolution in order to develop a national policy.

CNRS employs 33,300 staff of which 25,700 are CNRS tenured employees: 11,500 researchers
14,200 engineers and support staff. As the largest fundamental research organization in Europe,
CNRS carried out research in all fields of knowledge, through its seven institutes:

Institute of Biological Sciences (INSB)

Institute of Chemistry (INC)

Institute of Ecology and Environment (INEE)

Institute for Humanities and Social Sciences (INSHS)

Institute for Computer Sciences (INS2I)

Institute for Engineering and Systems Sciences (INSIS)

Institute of Physics (INP) and three national institutes:

National Institute for Mathematical Sciences (INSMI)

National Institute of Nuclear and Particle Physics (IN2P3)

1 National Institute for Earth Sciences and Astronomy (INSU)

The 8 laboratories involved in the L-IPSL consort i um ar e CNRS J o Unitds Mixtaskde r at or i e
Recherched6 { UMR} ) , working in partnership with universi:H
research organizations (CEA, IRD and CNES), or Grandes Ecoles (ENS, Ecole Polytechnique). The
IPSL federation, which coordinates common projects within 6 of the 8 UMRs involved in the project is
also a CNRS unit. The laboratories of the L-IPSL constitute an important component of INSU and also
contribute significantly to scientific objectives of INEE. CNRS also encourages collaborations to open
new fields of enquiry and meet social and economic needs. CNRS has developed interdisciplinary
research actions, which bring together various CNRS Institutes as well as other research and
industrial institutions, and from which the L-IPSL project is expected to benefit. The National
Programmes managed by INSU also constitute an important framework to develop scientific projects
within the L-IPSL laboratories.

In partnership with Universities, CNRS is operating OSUs (Observatoir es des Sciences de |
and has established | abelled fiobservation s+#4PSlviceso f
will benefit from the action of 3 OSUs: ECCE TERRA (with UPMC), OVSQ (with UVSQ), and EFLUVE

(with UPEC).

= =4 =4 =4

=

=A =4 =4 4 -8 -4 -4 -4

4.1.1.2 EXPLOITATIO N OF RESULTS

The CNRS has an active politics of favouring innovation, dissemination of results, and the creation of
start-up companies. Several companies (Climpact, Estellus) have been created by L-IPSL researchers
using the support of CNRS help structures.

The CNRS/INSU is also communicating very actively the research results of its laboratories, through
journals, participation to exhibitions, contacts with press, with educational institution.
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The L-IPSL innovation and communication activities will contribute to and take the benefit from the
action of the CNRS in these areas.

4.1.1.3 HIGHER EDUCATION

Although the CNRS primary mission concerns scientific research, CNRS is strongly involved in higher
education thanks to its assodceisatEcoon ewvsiot ht hurnoiuvgehr sUMR se s
contributes also to permanent formation and communication.

The CNRS supports doctoral studies, with French and international partners i from bilateral
programmes to fAUnit®s Mixtes | rinkedwithahe IFABCBUME which The | F
is based in Buenos-Aires and involves the CONICET and the University of Buenos-Aires.

4.1.1.4 ORGANISATION
The CNRS has a dual organization:

91 thematic, through its Institutes

T territorial through its ThdLORSRIgharatoriesrase ménaged by DPR4l es 6 ( D
and DR5. The IPSL federation is managed by DR5.

Budget for 2010
9 3.116 billion Euros of which 600 million come from revenues generated by CNRS contracts

Organisation

9 10 institutes (2 of which have the status of national institutes)

1 19 regional offices, ensuring decentralized direct management of laboratories

1 1,074 research units (90 % are joint research laboratories with universities and industry)

International Relations

85 exchange agreements (with 60 countries)

5,000 foreign visiting scientists (PhD students, post-docs and visiting researchers)
1,714 permanent foreign researchers of whom 1205 come from Europe

295 permanent foreign engineers and technicians

368 International Programs for Scientific Cooperation (PICS)

123 European and International Associated Laboratories (LEA/LIA)

90 European and International Research Groups (GDRE/GDRI)

22 International Joint Units (UMI)

9 CNRS offices abroad (Beijing, Brussels, Hanoi, Johannesburg, Moscow, Santiago de Chile,
Tokyo, Washington)

=A =4 =4 -4 -4 -4 -4 -8 -9

Industrial relations (2009)

1 1,663 contracts signed by CNRS with industry in 2009

1 27 current agreements with major international industrial groups
1 3,765 patent families

9 828 licenses and other financially remunerating active acts

1 58,2 million euros royalties

1 503 companies created with CNRS between 1999 and 2009
(Information extracted from the CNRS web site)

Description of the Institut des Sciences de | 6Un
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The institute mission is to develop and coordinate research with a national and international
dimension in astronomy, earth sciences, ocean sciences, atmospheric and space sciences. Since
2002, interdisciplinary researches on environment are also part of the INSU domain of investigations
linked with other CNRS institutes. INSU is one of the funding and strategic organisation of many
laboratories involved in this project. INSU funds:

1 research investigations based on attractive projects in coordination with other organisms;

1 2 national prospective exercises that are used to define strategic plan about national and
international systems;

INSU is a research institute in support of the scientific community with an observing approach of

natural systems through:

1 OSU coordination (Observatoires des sciences de l'univers)

1 Space research support
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4.1.2 PARTNER 2: IPSL (FR636 - INSTITUT PIERRE SIMON LAPLACE)
4.1.2.1 RESEARCH AND INNOVATI ON
Description

The Institut Pierre Simon Laplace (IPSL) was founded 15 years ago by Gérard Mégie, director from
1995to0 2001. The I PSL is a ACNRS Research Federationo,

T CEA(Commi ssariat ° | 6Energie Atomigue et aux Energie
1 CNRS (Centre National de la Recherche Scientifique)

T CNES( Centre National d6éEtudes Spatiales)

1 ENS (Ecole Normale Supérieure)

1 EP (Ecole Polytechnique)

1 IRD (Institut de Recherches pour le Développement)

1 UPMC (Université Pierre et Marie Curie)

1 UPD (Université Paris Diderot)

1 UPEC (Université Paris Est Créteil)

T UVSQ (Université de Versailles Saint-Quentin-en-Yvelines)

IPSL is federating six laboratories of the Paris area dealing with global environmental issues. These 6
laboratories are the LPMAA (UPMC/CNRS), LOCEAN (UPMC/CNRS/IRD/MNHN), LISA (UPEC/
CNRS/IRD/UPD), LATMOS (UVSQ/CNRS/UPMC), LSCE (CEA/CNRS/UVSQ), LMD (ENS/CNRS/
EP/UPMC). CNES is also a sponsor of the federation because of the very strong role of space science
and observations in the activity of all participating laboratories.

The LISA and LPMAA laboratories have joined the federation recently, with also a hew involvement of
the UPEC and the UPD. IPSL has also been transitorily (2001-2008) an OSU (Observatoire des
Sciences de | d6Univers), when the Paris area was cover

Conseil de surveillance (sponsors)

Scientific Committee

Thematic poles
ETHER, ICARE
(expertize
centre)

(EGELGLE])

International
programmes
bureau

programmes,
GIEC,
GEOSS, COl

Director
Deputy directors

Administration S
Earth atmosphere \ OQutreach y \
ocean, surface &\ / Solar system: oberational

process studies Direction committee observation, Agencies
Instrumented site modelling
I I S L Master degree and N f

PhD programs
(Sciences de
I'Environnement IdF)

GIS Climat-
Environne

Earth system
modelling
(global, regional)

Private
companies
KIC

French and
foreign
laboratories

" Thematic climate 1\\ ~~ Earth observation,

N\
data records Y field campaigns
Space mission data Innovative
processing instruments

LOCEAN

a Y

OSU ECCE TERRA
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Most IPSL laboratories have been labelled A+ by the AERES evaluation. The coordination brought up
by the IPSL federation has been labelled A+ (for model and planetology studies) and A (for other
activities). One of the main recommendations has been to improve the overall coordination of the
observational activities, and especially the instrumental development and space research i a
recommendation, which has lead to the hiring of N. Papineau, from CNES, as IPSL deputy director.

Research and innovation

The role of IPSL is to develop inter- or trans-disciplinary projects, which go beyond the capacity of a

single laboratory (orasingleOSU) . The action of | PSL can be descri beiq
that this word has taken at the European level): it acts to engineer new demanding and collective

projects, with a full respect of the initiative and independence of the participating laboratories.

Over the last decades the study of the Earth global environment has become increasingly
multidisciplinary, and requires a very close association of modelling and observational tools. IPSL was
created to meet those new challenges, drawing on the very large expertise of the participating
laboratories, and building bridges between theoretical and applied approaches, between studies of
past, present and future climate evolution, or between the study of the Earth and that of other planets.
To achieve those goals, IPSL has been engineering a number of translaboratory projects 1 in the form
of AiPolesod, Groups, or Projects internal to the feder

A: Model studies:

The fAiPll e de Mod®Il i sat i on pldroddisifthHe Siffecent somponents adfthe e d t 0
climate system. IPSL is now maintaining one of the very few comprehensive Earth System models

worldwide, which includes representations of the atmosphere, the oceans, the continental and iced

surfaces, and their physical, chemical or biochemical interactions. IPSL was among the two first

institutes to develop coupled approaches of the climate and carbon-cycle evolution, and it has been

playing a prominent role in the French participation to the various IPCC exercises. IPSL has been at

the origin of important international model intercomparison projects such as PMIP, CFMIP CAMIP.

The modelling activities at IPSL have had other objectives than the study of global climate. A
dedicated group has developed a model version adapted to the stratospheric physics and chemistry. A
regional Earth System model (monitored by a Pole for Regional Environmental Studies) has been
applied to specific areas such as Europe and the Mediterranean basin, West Africa, South-East Asia,
Southern South-Amer i ca. Finally, the model study of other pl
Sol airedo, a very active component of I PSL, acting in

The international organisation for model activities at the international level has created alliances
between laboratories: the IPSL teams, for example, have privileged collaboration with laboratories in
Africa, South America, India, as well as European countries. IPSL is also a member of the ENES-IS
project (coordinated by S. Joussaume, LSCE) to strengthen the modelling community organisation on
a European scale.

Also IPSL has a strong involvement in GMES projects. In this framework, IPSL has the leadership in
France and in Europe for the NEMO code both for operational oceanography, climate modelling and
seasonal prediction (it is used for example by ECMWF and the Hadley Center). IPSL is a model and
data provider for the MACC project, to set-up the GMES atmospheric services.

B. Observational and instrumental studies

Observations are carried out by the 3 OSU of the Paris area. But there is a need of coordination and

overall strategy, which is the task of the I nstrument
et Spatialo). Three kinds of measurement can be consi

- Process-oriented measurements: They generally involve a combination of in-situ measurements
(at the surface, from aircrafts or balloons), and remote sensing measurements from space. Process-
oriented campaigns have also accumulated a large amount of data. A campaign such as AMMA, in
which IPSL has been heavily involved, has combined a geographical target (West Africa), process-
oriented measurements (continental convection, ground hydrology, and surface fluxes) and a regional
approach of interdisciplinary issues. This will also be a characteristic of the new Mediterranean
Hymex/Charmex/Mermex campaigns.

A non-exhaustive list of process-oriented measurements at IPSL concern:
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1 (i) cloud/aerosol/energy budget measurements, both in situ (IPSL operates the SIRTA Atmospheric
Research Observatory site at Ecole Polytechnique) or from space (CALIPSO, Cloudsat, Parasol,
ADM-Aeolus, Megha-Tropiques)

(ii) atmospheric or oceanic CO?2 in situ measurements (ICOS/CARAUS/RAMCES projects)

1 (iii) active gas concentration (QUALAIR at UPMC, collaborations with the LACY and the OHP),
measurements from balloons such as those launched from Kiruna during all European campaigns
or in the tropical regions. IPSL has also been strongly involved in the observations of dynamic
parameters through projects like INDOEX, AMMA or VORCORE and CONCORDIASI with BPS
balloons or dropsondes launched from airborne platforms.

=

- Continuous measurements of key parameters over long periods of time: IPSL is actively
participating to in situ observatories and to the design of space studies. The in situ observatories are
generally an extension of the instrumental effort mentioned in the previous section. IPSL has a strong
responsibility in NDACC (active gases). It is also participating in the establishment of data archival and
analysis centres that are able to treat and distribute long series of data, and in particular data from

space oObservations. For exampl e, I PSL is maintaini

National o ETHER ( isrirvalved ing I€ARE s(glouds and aerosols), for technical
expertise, provision of data and computing facility.

Continuous climate records can also be obtained from the study of past climates: this is another area
where the IPSL laboratories have made important contributions at the highest international level, by
exploring glacial, oceanic or continental archives.

- Laboratory measurements: These concern, for example, isotopic measurements (see the EqQuipEx
proposal PACEC), bhiogeochemistry of the ocean water, and spectroscopic properties of different
molecules in the atmosphere. This last activity, which is heavily developed at LISA and LPMAA plays
a key role, since the knowledge of atmospheric gases largely depends on molecular spectroscopic
data (LISA is also the group that runs the simulation chamber CESAM, a national instrument) and
LPMAA. These results have been used to design, analyze or validate space missions, either targeting

other planets (VENUS, Mars i the relevant coordination is also ensured by the i P11 e Syst

n ¢

T me

Solaireo) or dedicated to Earth observation (ENVI SAT,

C: Archival, distribution and analysis of observed or simulated data

The combined analysis of the very large number of modelled or observed data requires a dedicated
effort of data archival and distribution. Many climate studies now involve the simultaneous use of long
time series of data from different satellites and different captors, the use of reanalysis such as those
from ECMWF and NCEP, or the access to the results of the 20 existing climate models. The project
ESPRI uses two dedicated (and articulated) archival and distribution centres set up by IPSL (CICLAD
at UPMC and CLIMSERV at Ecole Polytechnique), which also provide a computing service on the
same machines where the archives are in-line. The development of this facility is a priority for the
future.

A dedicated group (SAMA) has also been actively propagating new analysis methods though the IPSL
(assimilation methods, neural networks, statistics of rare events , € )

4.1.2.2 EXPLOITATION OF RESUL TS

IPSL has developed dedicated research tools, in three broad areas (model architectures,
observational sites and a common observational strategy including common spatial projects, facilities
for data treatment and archival at the interface between models and observations) All these
achievements have created a very strong linkage between the participating laboratories, and
facilitated the emergence of a wide range of trans-laboratory scientific projects: IPSL is therefore in
charge of projects funded by the European Framework Programme (e.g. ENSEMBLES, AMMA),

French National Agency for Research (ANR) pr oj

| 6Environnement o) .

IPSL is also involved in projects to offer climate predictions (DRYAS) to monitor the surface carbon
fluxes (I COS, over the continents or the ocea
Chimere) and its potential impact on health. It is also involved in operational oceanography (Mercator-
ocean or all other European regional projects) through NEMO modelling code. These initiatives are not
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only national, but also carefully articulated with international projects: at the international or European
level (for example, the European GMES i Global Monitoring of Environmental Security, see above
examples of IPSL participation - or the Climate KIC of the EIT), and nationally (DRYAS). The project of
the IEED CLAIRE is an extension of these activities in the direction of companies and decision-
makers.

Several start-up companies have also grown from the IPSL: Climpact, Leosphere, Estellus. These
companies concern instrumental techniques, as well as the use of climate-oriented information.

4.1.2.3 HIGHER EDUCATION

Coordinating high education within its laboratories does not belong to the stated missions of IPSL.
However, as a result of the very specific scientific culture that it has helped develop, IPSL is playing a
role in three different areas:

1 (i) It is providing elements of courses that can be used by all its members, in particular at the
Master level (concerning for example instrumental experimentation)

9 (i) It is helping the regular organization of Summer Schools, or of courses intended for specific
professionals

9 (i) It is strongly linked with the Ecole Doctoral e 12 9 : AEnvi rde-Enameed en

4.1.2.4 ORGANISATION

Total recurrent budget of IPSL is 270 kUG of Eur os excluding sal ari

another).
The IPSL action is organized through 3 main committees:

-The fAConseil de Surveillanced gathers the represent

Grandes Ecoles sponsoring the federation. IPSL is represented by its director (currently:
H. Le Treut), and it has been decided that the president of the Scientific Council (currently: E. Brun,
from Meteo-France) would be invited. It meets twice a year, under the chairmanship of the INSU

director, who is also representing the CNRS. The

supervises its action.

-The Scientific Committee ( fCotermts@entificcguidance,iahditq ue 0)

evaluates the response to internal calls for project. It counts 8 researchers external to the federation
and 8 researchers from the IPSL laboratories (intuitu personae). It meets 4 times per year, in the
presence of the IPSL direction, and the persons in charge of IPSL actions. Its chairman may invite all
necessary experts.

-The Direction Committee (fAiConseil de Direction

laboratories and the persons in charge of IPSL actions. It is the main body ensuring the everyday
continuity of IPSL action and meets monthly (since 1995, and informally before that date, without any
notable interruption). The CD has ensured over the years that IPSL actions would remain subsidiary to
those of its participating laboratories.

The director is assisted by 4 deputy directors: P. Bousquet (UVSQ/LSCE) (communication, links with
doctoral and master studies), J.-L. Dufresnes (Models), P. Keckhut (Data Bases, in situ Observations),
and N. Papineau (Intrumental Development and Strategy, Space Research). They overlook the

actions of the APolesd or projects mentioned above,

the sponsors of the federation, and all its partners.

IPSL draws its main strength from the participating laboratories, but also counts on about 28 dedicated
support people who are directly affiliated with IPSL. They are in charge of different tasks common to
all laboratories: project administration and support, communication, computer infrastructure, modelling
and instrumental facilities, database handling, etc. Among them 21 are permanent: 19 from CNRS, 1
from UVSQ, 1 from UPMC, and in addition one of IPSL deputy directors (N. Papineau) is from CNES.
Those IPSL members meet with the IPSL direction every 3 months through an open assembly.
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4.1.3 PARTNER 3: UMR 7092 1 LABORATOIRE DE PHYSIQ  UE MOLECULAIRE POUR
LOATMOSPHERE ET L GASTROPHYSIQUE

Partner 3: LPMAA

Identity: LPMAA laboratory is a joint research laboratory depending on CNRS, and Université Pierre
et Marie Curie (UPMC). Itis located at UPMC campus. It is one out of six members of the joint Institute
for Environment and Climate Research IPSL (Institut Pierre Simon Laplace), coordinator of the present
proposal. LPMAA staff includes about 21 permanents employees (11 researchers, 10 engineers and
technicians), 32 in total including PhD students (4), post-docs (5), and non-permanent technical staff
(2).

Involvement in L-IPSL: Permanent staff contributing to the present LabEx represents 62% of the
total. The rest is involved in the LabEx proposal MiChem, dealing with chemistry

Field of research: LPMAA laboratory has an international reputation in the field of high-resolution
infrared spectroscopy and the research activities of LPMAA focus on molecular physics and its
applications for the study of the terrestrial atmosphere and the understanding of molecular processes
in astrophysical environments (comets, planets, interstellar medium). Our expertise longs from
experimental and theoretical studies (IR and UV spectrometry, mass spectrometry, cryogenic
surfaces, spectral analyses) to measurement campaigns (ground, balloon and satellite based remote
sensing of the troposphere and the stratosphere).

4.1.3.1 RESEARCH AND INNOVATI ON

Main research themes
There are three research groups at LPMAA with the following activities:

1 Gas-surface interactions: The interaction between gas and the surface of small particles are
known to play a central role in the physics and chemistry of planetary and cometary atmospheres.
Our investigations are based on laboratory experiments that are aimed to characterize the nuclear
spin conversion processes induced by gas-surface interactions at very low temperatures (10-200
K). The processes investigated include thermal and photon-induced desorption of molecular ices,
and are aimed at determining the thermal history of the gas in atmospheres through their
interactions with cold surfaces.

1 Molecular dynamics and high resolution VUV molecular spectroscopy: The vacuum ultra-
violet (VUV) spectra of small molecules such as H,, CO or H,O and their isotopologues, which are
observed with recent satellite telescopes (Cassini, HST, FUSE) are important probes of planetary
atmospheres. High-resolution spectra with absolute values of the line intensities and of the various
decay channel yields (emission, dissociation and ionisation) are determined with high accuracy by
combining measurement using Synchrotron facilities (SOLEIL, BESSY) and ab-initio MQDT
calculations.

1 Isotope anomalies: The triple (simultaneous *°O, 'O, *®0) oxygen isotope composition of some
terrestrial and extraterrestrial materials is an interesting tracer for molecular processes in diverse
environments with a wide range of applications from molecular physics to climate research. Our
activities in the framework of the INTRAMIF (FP7) project focus on the molecular physics aspects
and the applicability towards climate relevant questions (transfer to carbon dioxide).

1 Molecular metrology and high-precision spectroscopy from UV to the IR: Next generation
instruments and the climatology of greenhouse gases (monitoring of ozone recovery, CO, and
water isotopes) require accurate and traceable molecular spectroscopic data. Current data are not
coherent or suffer from uncertainties that are too large to respond to key questions of climate
research. The SMILE team is active in developing new instruments for in-situ measurements
(SIMCO) and laboratory techniques in support of satellite missions (high resolution IR laser
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spectrometer coupled to UV photometer), which are up to the mark. One focus is on the
measurement of isotopic compounds of climate relevant gases (O3, CO,, N,0).

1 Spectroscopy and modelling of atmospheric spectra, and atmospheric remote sensing: The
AAt mosphered team of LPMAA has designed and
dedicated to in-situ and remote sensing of key atmospheric species for climate, chemistry, and air
quality studies, from ground and balloon; it participates in several satellite experiments from design
to validation. An accurate radiative transfer code implementing the most accurate molecular
parameters (such as line-mixing, narrowing, line positions, etc.) is continuously improved to
produce reference simulations which are compared with spectra recorded by atmospheric
instruments onboard of ground, balloon or space platforms.

Main equipments

Based on his strong experience in the field of spectroscopy, LPMAA designed and spread out balloon-
borne experiments using Fourier transform interferometry. Initially dedicated to probe the stratosphere
(LPMA), a nadir looking optical setup has been developed to prepare the IASI mission (IASI-balloon).
More recently, the SWIR-balloon experiment has been proposed and tested to green house gases
remote sensing in the troposphere and is used to GOSAT validation studies. LPMAA also develops
and employs high-resolution spectroscopic instrumentation (Fourier transform spectrometer HR125,
interferometrically wavelength controlled diode laser spectrometer, diode laser spectrometer for
isotope measurement of atmospheric CO, (SIMCO), Fourier Transform spectrometer based platform
for in-situ and remote air quality measurements (QUALAIR Platform)). The laboratory is equipped with
a molecular beam mass spectrometer for the investigation of reactive species.

The SMILE team participates in the EquipEx project REFIMEVE, which will lead to a major upgrade of
its laboratory laser spectrometer operating in the atmospheric window at 10 mm. REFIMEVE will
provide an optical frequency standard which, based on femto-laser technology, gives a direct link to a
frequency standard allowing to acquire molecular spectroscopic data of unprecedented accuracy.
These precise data are required in turn by the next generation of observational platforms for the
atmospheric composition and GHG monitoring (water vapour, CO,, N,O, O, and isotopic variants).

Laboratory scientific value and international influence

1 AERES ranking: A (2008);

1 Mean number of publications/per year is 20;

9 H factor (considering only staff in the field of this proposal): 5 higher than 10, 1 higher than 20;

1 LPMAA is a young and dynamic laboratory with only 2 senior researchers above 60 (H > 20), all
other members being less than 45 years old (except one).

9 Quite junior members of LPMAA from each team have important positions in international and
national projects (P.l. of ANR, paper in Science, node leader for FP7 project, etc.).

1 More senior members are involved in various national/international boards.

C. Camy-Peyret, recognized expert in remote sensing using IR spectroscopy, is involved in
preparation of space missions for Earth observations.

Foreign post-doc scientists: 2;

ANR projects: 2 with high responsibility;

R&D European Framework Programme projects: 1 with high responsibilities;
Participation/organisation in summer schools, workshops, networks, etc.: Participation at: Atelier du
savoir (CNRS) Aichi mie dans [-22,s Sepin ROILQ); eParticipatios tatr
STEPS TWO Academic Network (Stakeholders Tune European Physics Studies, EUPEN
European project); Lectures and workshop in INTRAMIF summer school 2010.

=

=A =4 -8 =

4.1.3.2 EXPLOITATION OF RESUL TS

LPMAA is in charge of numerous research contracts in the frame of partnerships with institutions or
nati onal organi sms (CNES, CEA, ANREé) , wi t h i
programs, ESA, NASDAé) and with enterprises (NOVEL
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In additional to the standard way of dissemination of results through publications in international
journals, LPMAA contributes to dissemination of observations to national or international data bases:
ETHER,HI TRAN, GEI SA, ¢

4.1.3.3 HIGHER EDUCATION

T Associated Doctoral School : AM&Ei amced @EDl12@nyifiban,
de |l a particule " |l a mati re condens®eo (ED389) ;
1 Total number of supervising researchers (Number of HDR among them)/total number of teachers
with teaching CNRS staff included: 6 supervisors (5 HDR)/total 10 teachers;
1 Number of PhD, PhD co-tutelle/M2/other students supervised (Number of international students
among them): 4 PhD, 2 PhD co-tutelle;
1 Administrative tasks for teaching at UPMC: S. Payan, mobility for students, coordinator and joint-
director of physics bachelor department. C. Boursier, head in 3rd year level in Physics. J.-H. Fillion,
head of research Master ALUMMexO sp®ci al mistrafionOpt i que
of physic master websites. M. Glass, head in 1st year level in Physics;
I Teaching at UPMC: main levels and themes: a) Bachelor: Thermodynamics, classical mechanics
and quantum physics, optics, atmospheric sciences. b) Master: molecular physics, atmospheric
chemistry, laser physics, laboratory works. ¢) Teaching education in physical sciences (CAPES /
AGREGATION);
1 Innovative practices (tutoring, e-learning, etc.): M Glass, introduction to e-learning, 1st year level in
Physics, UPMC,;
1 Teaching at othe r institutions: X. Mi chaut, AExaminateur c
Boursier, AExaminatrice concours AGREGATI ON physi quc«
f Reference contents (courses documents, Books, etc.): S. Payan, Cours de transfert radiatif, Ecole
thématique CNRS SPECATMO "de la SPECtroscopie a 'ATMOsphere: Mesures et modeles”, lle
de Ré, France, 9-12 juin 2009. S. Payan, Cours sur les algorithmes d'inversion, Ecole thématique
CNRS SPECATMO "de la SPECtroscopie a 'ATMOsphére: Mesures et modeles”, lle de Ré,
France, 9-12 juin 2009.J.-H Fi | | i o n, -Surface.tChemestry And aeterogeneous chemistry
on inter st el(htpiwwa assohp?@leepsual.fr/)

4.1.3.4 ORGANISATION

Total budget of LPMAA is around 700 kU of Euros excluding salaries
another), including about 50 kEuros of recurrent budget from CNRS and UPMC. The main external

budget resources come from the National Space agency (CNES), European research programs, ANR,

INSU. This budget is managed at CNRS and UPMC. LPMAA is organized in 3 scientific teams and 1

technical or administrative department. The scientific teams have their own equipments and benefit

from the very high quality of the LPMAA team of engineers in instrumentation, mechanics, electronics,

and computing sciences (see http://www.lpmaa.upmc.fr for details).
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4.14 PARTNER 4: UMR 7159 1 LABORATOIRED GDCEANOGRAPHIEETDU  CLIMAT :
EXPERIMENTATIONETA  PPROCHES NUMERIQUES

Partner 4: LOCEAN

Identity: LOCEAN is a joint research laboratory of Université Pierre et Marie Curie (UPMC), Centre
National de la Recherche Scientifique (CNRS), Institut de la Recherche pour le Développement (IRD),
and Mus®um National d 6 H.ilt$stlooaited en twhé sitesiaf thd Jussieu (cavhidus,N
and at the Bondy IRD center in the North of Paris. Its personnel include 111 permanent employees (61
of whom have a researcher or teaching researcher status), and a total of nearly 200 employees
(including 55 graduate students, and 30 post-docs and CDDs).

Involvement in L-IPSL: Most of the persons in the institute will be included in this LabEXx, with the
exception of a few persons (9 permanent employees, 2 docs and 1 post-doc), whose research are
more ecosystem-oriented and who will join another LabEx project on ecology and environment
(ODYSSEE, PI L. Abbadie).

Field of research: The research done at LOCEAN is mainly devoted both to the study of the
variability of the ocean and the role of the ocean on climate. Another topic is biochemistry for ocean
and for paleoclimatology (proxies). For the first topic of research, the focus is on improving our
understanding of ocean dynamics and its impact on major chemical compounds (in particular, carbon,
both inorganic and organic) in relation to the investigation of some bio-geochemical processes and
cycles and their impact on climate. For the second topic of research, the focus is on the role of the
ocean (both physical and chemical) on climate variability on seasonal to centennial time scale for past,
present and future periods. The regions investigated include the Arctic, the Austral Ocean, tropical
regions (with specific field experiments/studies in the Arctic, west Africa, South America, and Indian
basin), the Mediterranean region, as well as global ocean circulation and biogeochemical model
developments. The paleoclimate studies focus on the rapid climate variability in the past, mainly in

high latitudes and in the tropics

4.1.4.1 RESEARCH AND INNOVATI ON

Main research themes
The research done at LOCEAN covers the main fields of the L-IPSL proposal:

1 For the carbon cycle, this includes the monitoring and study of ocean inorganic carbon, both
natural and anthropogenic, in particular in the Atlantic (North and tropical) and in the south Indian
Ocean. It also includes the investigation of some of the large world upwelling areas (Arabian Sea,
West Africa, Chile-Peru). The link with ocean ecosystems and resources is studied in the same
areas, in cooperation with other teams (link with ODYSSEE LabEXx project).

91 For the mechanisms of climate variability and predictability, this includes Holocene paleo-climate
fast variability (decades to centuries), the investigation of the thermohaline circulation, of its
variability and its role on climate, at different time scales, and in different world regions (Arctic and
North Atlantic, tropical regions, Austral Ocean). It also includes participation to IPSL studies of
decadal variability and predictability in IPSL climate model, and development and maintenance of
the ocean component of the IPSL climate model.

1 Regionalization of climate variability and climate change is investigated at LOCEAN, in particular in
the tropical regions, at scales from intra-seasonal to interannual. As an extension of these topics,
the impacts of climate variability on resources in developing countries are studied, and issues on
interactions with the society for agriculture and health.

These research axes rely on observation and analytical activities: le laboratory is strongly involved in

in situ observations of the ocean (relying on long term observing systems labelled by INSU, and new

projects, supported by ANR, FP7 and submitted to EquipEx call), as well as on analytical platforms
supported by the University, CNRS and IRD, and by ANR/UE-ERC to study bio-geo-chemical
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processes and build paleo-climate time series. Understanding ocean processes and monitoring its
variations cannot be achieved without space missions: LOCEAN participates in several space
missions from CNES and ESA, some of them with high responsibilities (eg SMOS for surface salinity).
Activities cover pre-launch specifications, cal-val methodologies inversion and scientific exploitation.
Combining in situ measurements with satellite overpasses is used to better interpret satellite data.

Modelling the ocean and the coupled ocean-atmosphere system is the other major approach to
insvestigate the climate and ocean functioning

Main equipments

LOCEAN contributes to the recentl y IcbrUena tveed sfoOb(sCeSrW)a tl
Terra in UPMC with three national services (CARAUS, SNAPO-CO2 and NEMO) under LOCEAN

scientific and technical responsibility, and participation to analytical platforms in geochemistry:

1 The NEMO ocean model system is used both for research and for operational oceanography. It is
one of the very few ocean circulation models in the world used by a large community (more than
400 users), from research (oceanography, climate) and operational agencies (Mercator, ECMWF,
UK Met Office, among others). The NEMO system tem is lead by a LOCEAN team, who
coordinates the model improvements for the international consortium. The model simulates the
physical and bio-geochemical properties and evolution in a large range of space and time scales
(used from paleo-climate to coastal ocean forecasting).

1 CARAUS is an in situ national services dedicated to high accuracy monitoring of ocean inorganic
carbon measurements in the South Austral ocean. The SNAPO-CO2 service is a laboratory
analytical service, which provides CO2 inorganic measurements for the community. They
contribute to the international observatory of the ocean carbon cycle. In France, these services,
completed with the continuation of measurements performed within EU projects (CARBOCEAN) in
the tropical Atlantic, will be grouped with the ICOS observatory coordinated at LSCE.

T Scientific coordination of t he n a CORWOLISA , otcoe awh iicnh
LOCEAN directly contributes through participation to SO SSS (in situ surface salinity
measurements) and MEMO (physical oceanographic measurements using marine mammals).

9 Participation to Northern Mediterranean Sea monitoring SOERE MOOSE.

1 Participation to the GIS GOPS (monitoring and multidisciplinary investigation of the West pacific
environment and climate).

1 LOCEAN is one partner and coordinator of the regional ALIZE analytical platform at the IRD Bondy
center, and contributes to the analytical platforms of UPMC on the Jussieu campus.

Some LOCEAN staff participate in EquipEXx projects: IAOOS ( Arct i c) , NAOS, FONCEO.

Laboratory scientific value and international influence
1 AERES ranking: A+ (2008 vague C);
1 Mean number of publications/per year: LOCEAN contributed to about 110 publications per year (A-
level) in 2007-2010 (126 in 2009);
1 H factor: LOCEAN includes 28 scientists with H-factor exceeding 10 including one IUF senior
scientist. LOCEAN includes 6 scientists with H-factor exceeding 20 (including two older than 60);
1 Foreign post-doc scientists: 20 (on October 1, 2010);
1 Awards:
0 CNRS Medals: 1 bronze medal since 2005
o Two retired scientists recently got the fALegion
1 Foreign scientist of high level: No high-level foreign scientist for a long period (but 2 or 3 visiting the
lab each year for a one/ hree month period);
Pis of ANR projects: 11 as coordinator, 14 participations in ANR with lead actions;
1 Pis of EU projects: 4 as coordinator, 10 who have been WP leaders in large EU projects; One ERC
young scientist award (2009);
1 Participation to international research bodies: within CLIVAR, IMBER, IGBP working groups;

=
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Membership of CNES (CPS) and CNRS (CS) scientific committees (1);

1 Scientific coordination of the AMMA phase 2 programme and of the SECAO observation; network
under progress in West Africa;

1 Lead of the NEMO ocean model European consortium;

1 Participation in IPCC next report preparation (2 persons);

Principal investigators of space missions (7): SMOS, JASON1/2, ALTIKA, Megha-Tropiques, OKAPI,

ENVISAT.

4.1.4.2 EXPLOITATION OF RESUL TS
LOCEAN has one free licence (Cecill licence) for the NEMO system.
The laboratory maintains contacts with different industrial PMEs for a transfer of:

9 technological developments (Carioca pCO2 sensors), methodological or algorithm development
(neural networks, processing of SMOS satellite data), coastal modelling (EDF, SHOM);

91 expertise for CNES and ESA (inversion algorithms, instrument calibration/validation methodologies
in altimetry, microwave radiometry, surface reflectance), as well as to computer developers as
Cray company (parallel / multi-processor modelling : tests with NEMO));

1 1 CIFRE theses in partnership with companies (ACRI)

9 analytical chemical analyses for industrial partners or agencies (Agence du bassin de la Seine,
among others).

4.1.4.3 HIGHER EDUCATION

A large part of the teaching is done at UPMC (1034 hours): chemistry, physics, environmental
sciences and geochemistry, electronics, computing, fluid dynamics at licence levels; oceangraphy and
climate, physics, chemistry and geochemistry, environmental sciences, waves, signal processing at
master levels. Some teaching is also done at Paris7 (150 hours in physical geography) and at UVSQ
(Tried master M2: 100 hours). Out of France, teaching is done at M2 level in Dakar, Senegal (200
hours) and in Peru (Universidad Peruana Cayetano Heredia, Lima) and Brazil (Universidade Federal
Fluminense, Niteroi). IRD researchers are also involved in teaching activities at the doctoral level in
Chile (Universidad de Antofagasta) and Brasil (Univ. Fed. Fluminense

1 Faculty: 12 (3 professors UPMC, 1 professor UVSQ, 1 MC Paris7, 7 MC UPMc), in addition, 2
CNAP, 1 professor MNHN, and 2 MC MNHN;
91 Specific responsibilities in teaching at M1 and M2 levels:
o UVSQ: M2 Tried
o UPMC: M1 SDUEE (ASciences de | 6Uni ver s,

envi

Afdynami qme @e¢®at mosph res, biologie, chimieo)

o UPMC: M2 SDUEE (Option OACOS)
1 Number of researchers or teachers-researches involved in these trainings: 15
1 Number of PhD: 55 PhD (October 1, 2010)
1 Number of invited foreign teachers-researchers: 1 for 1 month/year
1 Mean annual number of undergraduate trainees: 15 (of which 5 foreigners)
1 Number of thesis defended per year (2007-2010): 12 (of which 4 foreign thesis per year)
1 CIFRE fellowships (2006-2010): 3
i Foreign theses under co-supervization: 5
Mean duration between doctorate degree and stable position: 2 to 4 years

4.1.4.4 ORGANISATION

Total budget of LOCEAN is around 3 million of Euros excluding salaries (varying from one year to
another), including about 593 kEuros of recurrent budget (from UPMC, CNRS/INSU, IRD, CNES).
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LOCEAN is organized in 8 scientific teams (one of them participating to the LabEx project ODYSSEE),
3 National Services (INSU label) groups, 2 technical support teams and 1 administrative team (see
https://www.locean-ipsl.upmc.fr/ for details).
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415 PARTNERS5: UMR 7583 - LABORATOIRE | NTER - UNIVERSITAIRE DES SYSTEMES
ATMOSPHERIQUES

Partner 5: LISA

Identity: LISA laboratory is a joint research laboratory depending on the University of Paris-Est
Créteil (UPEC), the University of Paris 7 - Denis Diderot (UPD) and CNRS, founded on September
1st, 1994. It is located in two university campus: Centre Multidisciplinaire de Créteil (CMC) and Paris
Rive Gauche (PRG). It is one out of six members of the joint Institute for Environment and Climate
Research IPSL (Institut Pierre Simon Laplace), partner 2 of the present proposal. LISA staff includes
about 67 permanents employees [23 from CNRS, 26 from UPEC, 16 from UPD and 2 from IRD
(Institute for Research and Development)], 120 in total including PhD students (30), post-docs and non
permanent technical staff.

Involvement in L-IPSL: 50% of the employees will be involved in the L-IPSL LabEx. 30% will be
involved in the Labex project fiUrban Futuresd, proposed by PRES Paris-Est University and
coordinated by Ecole Nationale des Ponts et Chaussées, and 20% will be involved in the Labex
project "Planetary Space Exploration”, coordinated by the Observatoire de Paris.

Field of research: LISA is mainly involved in atmospheric sciences and with a special focus on
physical chemistry of the Earth and other planets atmosphere. Similar approaches, based on both (i)
in-situ or remote sensing observations, (i) experimental simulation in lab and (iii) numerical
simulations are used for providing new insights in our major research domains.

Five main fields of research are addressed at LISA: 1) Mineral dust cycle, 2) Reactivity and fate of

atmospheric organic carbon, 3) Air pollution (photooxidants and aerosol), 4) Astrobiology, 5)
Atmospheric spectroscopy

4.1.5.1 RESEARCH AND INNOVATI ON

Main research themes

Mineral dust cycle

The main objectives of the studies on the atmospheric dust cycle consists in describing and
guantifying the emissions, transport and deposition of mineral aerosols, from their sources in arid and
semi-arid regions of the Earth up to remote oceanic areas. More precisely, a special attention is given
to understand the processes controlling the spatio-temporal variability of mineral dust in the
atmosphere and to evaluate their radiative and biogeochemical impacts. During the last years, a large
part of these activities have been mainly developed in the framework of the international project
AMMA (Multidisciplinary Analyses of the Africa Monsoon).

Reactivity and fate of atmospheric organic carbon

Inside this topics, we mainly investigate the transformation pathways of the tropospheric organic
compounds in both gaseous and condensed phases and their impacts on i) the production of
secondary organic aerosol and the evolution of their properties with time ii) the oxidative capacity of
the atmosphere iii) the production of organic nitrogen species and their impact on the long-range
transport of NOXx.

Photooxidant and Aerosol pollution

This theme aims at better understanding and quantifying the processes governing the evolution of
photo-oxidants and particulate matter in the lower atmosphere, in particular at local regional and
continental scales. It also deals with the simulation of pollution events in 3D models, in scenario
studies and in evaluation of the impacts of air pollution, especially on built surfaces.

Atmospheric spectroscopy

The recent spatial observations obtained during the missions on the Earth atmosphere
(MIPAS/ENVISAT, IASI/METOP-1 ) and on the other pl acdigbsqualitC! RS/ CAS
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spectra. A correct and complete interpretation of these atmospheric spectra requires appropriate
theoretical and spectral analysis tools, as well as experimental data in the laboratory. The
spectroscopic parameters obtained from these studies on molecules having an atmospheric interest
are then gathered in international data bases (HI  TRAN

Astrobiology

This theme deals with astrochemistry, with specific interest for astrobiology (study of processes that
generate chemical evolution and/or Life on Earth or in other environments). Approaches developed at
LISA are of two types:

1 study of organic material reactivity and molecular evolution in extraterrestrial environments

1 search for molecular structures using remote sensing or in situ measurements

These activities contribute to the strategic miss n
cooperation with UPD, ENPC and CNRS/ I NSU. The AOSU E
devoted to examine environmental issues from local (urban) scales to regional (continental) scales

and topics related to astrobiology.

Main equipments

LISA manages and/or is involved in national and international platforms of observations in connection

with the present proposal:

1 SOFRAEX EquipEx proposal

1 Scientists from LISA are also Pl in several space instruments for planetary exploration or for Earth
observations (IASI, MIPAS)

1 The large ensemble of atmospheric simulation chambers, dedicated to the study of chemical
mechanisms acting in both gaseous and solid phases or at the surface of various material (glass,
stone, concreteé). On dabelted from R@8nas a QEtiBnalMnstrument by
CNRS-INSU.

9 LISA has deployed an observing network in the sahelian belt for monitoring of the atmospheric dust
content for decadal periods. The three stations respectively in Niger, Mali and Senegal are located
on the main pathway of the dust when transported from their source regions to the Atlantic ocean.
This observing system is working from 2006 with a recovery rate of data greater than 90%

1 Important array of analytical instruments (electronic microscopes, ICP-AES, ICP-MS, GC-MS,
| RTF, Hel i ostat, cl ean s forcompuation aral smportant data staesagec | ust er
systems.

1 UPEC is building a new infrastructure of 4000 m? dedicated to environmental sciences. This new
building will be mainly occupied by LISA and will offer equipments and services for the technical
department, clean rooms, very large simulation platforms, new analytical poles for organic and
mineral chemistry

9 LISA contributes to development of chemistry-transport model CHIMERE, working on chemical
codes and assimilation methods.

Laboratory scientific value and international influence

1 AERES ranking: A (2008 vague C);
1 Mean number of publications/per year (4 years average based on a study from INSU/CNRS in the
2005-2008 period) is 75;
1 H factor (considering only staff in the field of this proposal): 20 higher than 10, 7 higher than 20;
even if the mean age of the staff is quite low (2/3 of the staff are less than 45 years old);
1 Foreign post-doc scientists: 6;
1 Awards:
0 International prizes: Prix Gentler-Kastler; Prix Gay-Lussac Humboldt (J.M. Flaud; Issol
Fellowship (F. Raulin)

0 CNRS medals: 2 (1 bronze (B. Marticorena), 1 cristal (B. Chatenet))
1 ANR projects: 2 with high responsibility (more than 10 in progress);
1 R&D European Framework Program projects: 4 with high responsibilities (Co-Pl);
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1 Coordination of research at international level: European Panel on Atmospheric Sciences (1).

Lastly, researchers from LISA are involved in various tasks dealing with the research management at
national level (President of Ocean-Atmosphere division of the National Committee of Research,
President of the Commission for Atmospheric and Oceanic Sciences of the National Institute for
Universe Sciences (INSU), President of the TOSCA committee (Earth-Ocean-Continental surfaces-
Atmosphere) of the CNES (National Centre for Spatial Research), President of evaluation committees
of ANR programs or AERES, deputy-director at INSU, President of the French Society of Astrobiology,
etc. More than 30 researchers from LISA contribute each year to more than 50 invited papers in
international conferences.

Staff people involved in APhododAtdasphandcaémodoeolfporc
(18 people from the permanent staff, 10 PhD students and 3 post-docs) do not participate to the

present LabEx. They are involved in the LabEx projec
Paris-Est University and coordinated by Ecole Nationale des Ponts et Chaussées. Staff people

involved in fAAstrobiologyo axis (12 peopl e -doecsom t he |
ar e i nvol ved i n t he LabEx Project fiSpaceichEig pl or at i

coordinated by Paris Observatory.

4.1.5.2 EXPLOITATION OF RESUL TS

LISA is in charge of numerous research contracts in the frame of partnerships with institutions or

national organisms ( ADE ME, I NERI S, Mi nistries, CNES, ANRE) ,
(European framework progr ams aRdPvth emterprises (EDFE, AlSEh8nA ; NASAé
S'Gobainé) or with design offices (Aria Technologies,

LISA also contributed to the development of the CHIMERE model, today transferred at INERIS for
expl oi tation in the frame of air quality survey and pr

Several analytical developments were patented from LISA staff (especially in chromatography and X
fluorescence spectrometry).

There is also one PhD thesis in progress jointly supported by Industry (Astrium) and CNES (French
Space Agency).

In additional to the standard way of dissemination of results through publications in international
journals, LISA contributes to dissemination of observations to national or international data bases:
HI TRAN, GEI SA, SCOOP¢é

4.1.5.3 HIGHER EDUCATION

LISA contributes to higher education in environmental sciences, planetology and engineering. LISA is

main promoter of the master ASciences et G®ni e de |06
operated by UPEC, UPD and ENPC. The master SGE is based on a long-standing experience (more

than 20 years) in the education of environmental sciences, especially in the field of air and water

pollution as well as in the field of environmental policies. About 15 professors and assistant professors

at LISA are involved in the SGE training, where 150 to 200 students are enrolled each year.

LISA professors or assistant professors contribute also to courses applied in inter-disciplinary cursus.
1 Number of Master 2 training at LISA: average of 8 per year

1 CNES fellowship: 2

1 PhD thesis jointly supervised by two countries: 3

4.1.5.4 ORGANISATION

The total budget of LISA is about 3 millions of Euros excluding salaries, including about 150-200 ki o f
recurrent budget from CNRS, UPEC and UPD. Additional funds are also provided by these institutions
based on projects, especially for equipment. The main external budget resources come from the
National Space Agency (CNES), European research programs, ANR, INSU. This budget is managed

at CNRS, UPEC, and UPD.
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LISA is organized in 5 scientific departments, 1 technical and 1 administrative departments (see
http://www.lisa.u-pec.fr for details).
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41.6 PARTNERG: UMR 8190 T LABORATOIRE ATMOSPHERES , MILIEUX , OBSERVATIONS
SPATIALES

Partner 6: LATMOS

Identity: LATMOS laboratory is a joint research institute of Université of Versailles Saint-Quentin en
Yvelines (UVSQ), CNRS, and Université Pierre et Marie Curie (UPMC). It was founded on January 1%,
2009 by merging the former Service dO6A®r onomi
university campus: Guyancourt (UVSQ) and Paris (UPMC). It is one out of six members of the joint
Institute for Environment and Climate Research IPSL (Institut Pierre Simon Laplace), coordinator of
the present proposal.

LATMOS staff includes about 134 permanents employees (65 researchers, 69 engineers and
technicians), 201 in total including PhD students (29), post-docs (13), and non permanent technical
staff (25).

Involvement in L-IPSL: Permanent staff contributing to the present LabEx represents about 58% of
the total. The rest is involved in the LabEx proposal ESEP, dealing with planetology.

Field of research: Two main fields of research are addressed at LATMOS: 1) Physics and
Chemistry of Earth environment, 2) Physics and Chemistry of Planets and small bodies of the solar
system, sun irradiance and diameter

4.1.6.1 RESEARCH AND INNOVATI ON

Main research themes

As for Earth environment, which deal with the L-IPSL project, the main goals are to improve the
understanding and description of processes, which contribute to climate variability, and to develop new
methods for the analysis of related observations. Variables and processes of interest are those
contributing to the transport of heat and momentum, to the water cycle, to radiative effects, and to air
composition (troposphere, stratosphere). For these objectives, LATMOS develops experimental
approaches mainly based on original remote sensing techniques (radar, radiometer, lidar, optical
spectrometers): design of instruments, long-term deployment and analyses of observations from
ground, analyses of space-borne observations, organization or participation to regional campaigns
dedicated to vulnerable regions (Arctic, West Africa, Mediterranean area). This activity contributes to
the strategic mission of Observatoire de Versailles Saint-Quentin (OVSQ), Observatoire des sciences
de | 6Univers (0OSU) of UVSQ and | NS WwfOSU tEccenTedral at
UPMC. These observations are used, combined with numerical models, to i) characterize the natural
variability from short time scale up to decennial time scale and from local to global scales, ii) improve
the parameterization in numerical models, iii) validate numerical results on atmosphere and climate
predictions.

Main processes investigated at LATMOS are: air/sea exchanges, deep convection, non precipitating
clouds (cirrus, stratus) and their impact on radiative forcing, coupling between aerosols, dynamics and
radiative effects, thermodynamics and composition of the stratosphere, exchanges between
troposphere and stratosphere, relation between atmospheric circulation and air composition, impact of
solar variability on the stratosphere and climate, in particular at the scale of a 11-year solar cycle.
Research in the domain of planetology is closely related to this activity, with same competences in
instrumentation or models developed for studying atmosphere and surface of planets.

Main equipments

LATMOS contributes to national and international platforms of observations in connection with the
present proposal:
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1 NDACC (Network for the Detection of Atmospheric Composition Changes-international), French
section created in 1991, recognized as a CNRS-INSU Observation System in 1994. Major scientific
responsibility at LATMOS (French Pl-ship P. Keckhut, responsibility in the international committee
S. Godin-Beeckman), and technical responsibility (6 lidars, 11 spectrometers);

1 Set of instruments for atmospheric and surface remote sensing (about 7 radars, 3 lidars, 2
microwave radiometers) with renewal/extensions a submitted in the SOFRAEX EquipEx proposal
(see section 2);

1 Instruments of the QUALAIR site of observation (lidars, radar and spectrometers for air
composition and pollution monitoring);

1 Scientific responsibility of an air/sea interface instrumental package managed and open for use at
the national level (turbulence and meteorological package, development of new unmanned marine
vehicles);

1 LATMOS contributes to improvement of the Earth system simulator of IPSL by its contribution to
the modelling of processes in the stratosphere;

1 LATMOS has also major responsibilities (PI/Col) in past, present and future satellite missions
dedicated to the monitoring of essential variables: ozone (GOMOS/ENVISAT), sun-climate link
(PICARD), aerosols and clouds (CALIPSO, CLOUDSAT, EARTHCARE), precipitations: MEGHA-
TROPIQUES, surfaces (SMOS, CFOSAT), air composition monitoring: IASI/METOP, and the
atmosphere GMES sentinels 4 (MTG) and 5 (post-EPS);

1 Scientists from LATMOS are also PI in several space instruments for planetary exploration;

I OVSQ is in charge of the Integration and Test Platform (PIT), which offers equipments and
services for the test of new sensors and their integration in space-borne satellite conditions.
Presently LATMOS is the principal user of this service.

Laboratory scientific value and international influence

T AERES ranking: A (2008) (CETP and Serviceatal®mA®r onom

2008);

Mean number of publications/per year (2 year average since the creation of LATMOS) is 190;

1 H factor (considering only staff in the field of this proposal): 23 higher than 10,
9 higher than 20;

9 Foreign post-doc scientists: 9

1 Awards:

0 International prizes:3 (JL. Bertaux: EGU Christiaan Huygens medal 2010,
B. Lembege: European Physical Society - Plasma Physics Innovation Prize 2009, C.
Clerbaux shared as IPCC member: Peace Nobel prize with IPCC and Al Gore

0 CNRS medals: 4 (1 silver, 2 bronze, 1 cristal)

9 Foreign scientist of high level: 1

ANR projects: 1 with high responsibility (10 in progress);

1 R&D European Framework Programme projects: 3 with high responsibilities (12 total): GEOMON
(co-PI LATMOS), ACCENT (Pl LATMOS), SCOUT-03 (LATMOS PI of 1 Activity including 10
Institutes), MACC (co-Pl LATMOS);

91 Coordination of research at international level: WMO/UNEP Scientific Ozone Assessment (9
scientists), IPCC (1 scientist);

9 Organization of congress: ISARS 2010 (atmospheric boundary layer), 1ISSS9-2009 (numerical
simulation for plasma physics), Mars Water Cycle 2008.

=

==

4.1.6.2 EXPLOITATION OF RESUL TS

The technology transfer department of UVSQ, composed by two IP legal advisers, a European Project
Manager, three financial managers and a director, aims at promoting the work of the researchers and
facilitating partnerships with economic and institutional partners.

The technology transfer department provides admini st
laboratories for answering the calls for proposal, whether local, national, European or international. It
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is in charge of the drafting and negotiations of different types of agreements (consortium,
collaboration, NDA, MTA, service transaction, hosting agreement, which concern researchers or
compani es admistrativehaad financial management of the funds such agreements generate,
and the management of the patent portfolio (presently, around 30 patents, two-third of such patent
applications having been filed during the last 3 years, which indicates an increasing activity). The
department also participates to strategic transverse projects by making legal studies and proposing
adequate solutions.

In 2009, the technology transfer department of UVSQ dealt with around hundred agreements, which

togethergenerated 8 mi | Il i on 0. It has p a rptivate labpratoryewdth t o t he c1
I NTEL, French Commi ssariat ~° | 6Energie Atomique (CEA)
Computing and to the hosting of three companies in UV

Our university, renowned for its works in the domain of environment and sustainable development and
benefiting from the support and experience of its European Project Manager, is the only French
university member of the European Climate Knowledge and Innovation Community, which addresses
in priority the area of climate change mitigation and adaptation.

Furthermore, during the last two years, the department provide legal and administrative support for the
creation of two foundatifoosddgtkin@omwnpamt &dmamicdl é @aw iars W
a fondating member, which demonstrates our partnership with the industrial world: Fondaterra (Initial

all ocation: 1,4 milliSdJEZQ, VPANCH n CONSTRLDETI ®DF and Mo
allocati o n: 2 million ua, Partner s: RENAULT, PSA, VALEC
ESIGELEC, ESTACA).

The department is a member of the lle-de-France incubator, Incuballiance, which helps our innovating

concepts to become high potential development companies and this support would be enhanced by

the creation of a SATT on the Saclay Campus (Soci ®t ®
Technology Transfer Increasing Company) in the frame
SATT would aim at developing the maturation of research projects and increasing the technology

transfer from the academic to the industrial world, especially to the Small and Medium Enterprises.

This new offer would complete the supports proposed by the department, which aims at providing to

its members all the tools for the successful development of their research, including technology

transfer.

The technology transfer department of UVSQ is therefore the contact point for the implementation of
the research projects, their protection and exploitation.

Three patents are authored from LATMOS staff (technology in lidar, hydrometeorology, and optical
spectroscopy). Valorization is also carried out through collaborations with small enterprises for
instrument development (CIMEL), software development (ACRI, Noveltis), end-users applications
(NOVIMET in the field of hydrometeorology). There is also one PhD thesis in progress jointly
supervised by Industry (Thales) and LATMOS (CIFRE grant).

In additional to the standard way of dissemination of results through publications in international

journals, LATMOS contributes to dissemination of observations to national or international data bases:

NDACC international service and ETHER national service for air composition in the stratosphere and

atmosphe r e, | CARE national service for aerosol, c¢cloud ar
climate variabled data base of ESA, national air/ sea

4.1.6.3 ENSEIGNEMENT SUPERIEUR / HIGHER EDUCATION

LATMOS contributes to teaching at the master level in the field of Earth environment, planetology,

astrophysics, engineering. In the Earth environment domain, 12 professors or assistant professors
contribute to one of the foll owing mascoeespnsibiltyCE ( UVS
LATMOS), Master Pro Qualub (UVSQ), master Pro TRIED (responsibility LATMOS), Master

SDUE/ OACOS (nOc®an, Atmosph re, CIl(UPM@)iMo# ofthébalse r vat i on
contribute to physics courses applied to geophysics and earth environment and 4 to courses in
interdisciplinary cursus (Science politics, arctic studies, geography, etc.)
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1 Number of Master 2 training at LATMOS: average of 8 per year
1 CIFRE fellowship: 1
1 PhD thesis jointly supervised by two countries: 2 (among which 1 PED)

4.1.6.4 ORGANISATIO N

The total budget of LATMOS excluding salaries is 3 to 6 million of Euros (varying from one year to

anot her), including about 550 ku of recurrent budget
budget resources come from the National Space agency (CNES), European research programs, ANR,

INSU. This budget is managed at CNRS, UVSQ, and UPMC. LATMOS is organized in 6 scientific

departments and 3 technical or administrative departments (see http://www.latmos.ipsl.fr for details).
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4.1.7 PARTNER 7: UMR 8212 1 LABORATOIRE DES SCIEN  CES DU CLIMAT ET DE
LGENVIRONNEMENT

Partner 7: LSCE

Identity: LSCE is a joint research unit between tHhHe Comm

Energies Alternatives (CEA), le Centre National de la Recherche Scientifique (CNRS) et I'Université
de Versailles Saint-QuentinenYvelines (UVSQ). The laboratory is located on two sites (Saclay, site
CEA de | 60r me d e s-suhévetie, CNRSrCampusy Almbut 80 persons work at LSCE,
including about one half of permanent researchers, teachers, engineers and administrative people,
one quarter of Master and PhD students and one quarter of post-docs or visiting researchers.

Involvement in L-IPSL: An interdisciplinary group of 10 permanent researchers will not contribute
directly to the L-IPSL because of their involvement in another project on Agro-ecology, Climate
Change and Territories (LabEx ACTE coordinated by INRA).

Field of research: LSCE studies climate variability at various timescales and climate change over
the coming decades and centuries, with a specific leadership on the major biogeochemical cycles (C,
N) in the various compartments of the Earth system and their role in climate. LSCE is also a leader in
the study of several aspects of climate impacts on the environment at different scales, from global
(ocean acidification, atmospheric oxidative capaci
hydrol ogy, permafrost, é) . Researches at LSChralrely
development for observation, numerical modelling and assimilation/inversion methods.

4.1.7.1 RESEARCH AND INNOVATI ON

Main research themes
Five major scientific axes are developed at LSCE:

9 Study of the climate dynamic at different timescales using geochemical and isotopic measurements
on natur al archives (continental i ces, ocean or |

9 Study of the evolution of the atmospheric composition (greenhouse and reactive gazes, aerosols)
and estimation of regional to global greenhouse gas fluxes using the ICOS European research
infrastructure.

1 Study of the transfer of major geochemical and isotopic tracers in the environment, using an
analytical platform and an hydrological model, and the development of new tracers to improve
natural archives.

9 Study and simulation of past, current and future climate variability, with a focus on the integration
and role of major biogeochemical cycles using numerical models developed within IPSL.

9 Study of the interactions between humans, climate and environment by promoting interdisciplinary
approaches.

Main equipments
LSCE is involved in several regional, national and international networks and platforms:

1 A collaborative analytical platform for environmental and climate studies (PACEC). This
instrumental platform, shared between IDES and LSCE laboratories, has been proposed as an
EquipEx in the frame of the Paris-Saclay Campus to support our scientific activities on natural
climate archives and environmental transfer of water and matter.

1 A national network of stations SOFRAEX, submitted as an EquipEXx, for the study of aerosols and
clouds using a wide range of instruments (lidars,
the measurement of aerosols and water vapour isotopes.
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1 The European infrastructure (ESFRI) Integrated Carbon Observing System ICOS, which is also a
TGIR of the MESR and a part of a SOERE of INSU, for the monitoring of greenhouse gazes and
the inversion of their sources and sinks.

1 A national network of specific measurements, submitted as the EquipEx GHG-SCOPE, that aims at
enlarging ICOS objectives to the calibration and validation of satellite greenhouse gas
measurements.

1 The IPSL Earth System model in which LSCE contributes to the development of the
biogeochemical models for the various compartments (ocean, vegetation, atmosphere). LSCE is
also responsible for the integration and coupling of these models within the earth System model.

1 The development of lidar systems in collaboration with the LEOSPHERE private company.

Laboratory scientific value and international influence

AERES ranking: A+ (2009, vague D);

Mean number of publications of about 200 per year (peer-reviewed journals);

H factor: 66 researchers above 10 and 26 researchers above 20;

17 foreign post-docs and 5 foreign senior scientists as for 2010;

Internatlonal awards: Prix Descartes, 9 IPCC authors (among which 2 Chapter Lead Author for the
5" assessment report), 12 researchers involved in coordinating groups of several international
organization (I PCC, | GBP, é) ;

1 CNRS medals: 3 bronze since 2000 and one gold (J. Jouzel, 2002);

12 PI of ANR projects and 3 PI of European projects.

= =4 =4 A -4

4.1.7.2 VALORISATION / EXPLOITATION OF RESUL TS

1 LSCE has deposed a patent on lidar technology, which is currently used under licence by the
LEOSPHERE private company.

9 LSCE is also strongly involved in both academic and private advisory and expertise activities as
well as in impact studies on extreme climate events, air quality, long-term geologic storage,
environmental impact, etc.

1 LSCE is also a contractor for public institutions and private industries to perform analytical
measurements in the fields of atmospheric chemistry, isotopes and environmental radioactivity.

1 LSCE has collaborations with several private companies (NOVELTIS, HYGEOS, LEOSPHERE,
ACRI-ST, é) t hr o-tuging of Rhe Thes® and coordination of research projects.

Z. Poussi, who was engineer under contract at LSCE, has created a start-up company, CLIMMOD

Engineering, on the carbon cycle activities and on assimilation methodology for Earth sciences.

4.1.7.3 HIGHER EDUCATION

1 Seven teachers (2 Professors and 5 Maitres de Conférence) from the UVSQ are performing their
research at LSCE. They account for more than 1000 hours of teaching in Licence and Master,
mostly at UVSQ but also at UPSUD and UPMC, in the fields of Earth system physics and
chemistry, geosciences (geology, geophysics, geochemistry) and general physics.

1 About 30 researchers and engineers from CEA and CNRS have teaching activities in their scientific
fields at the university.

4.1.7.4 ORGANISATION

The total budget of LSCE excluding salaries is 6 to 8 million of Euros (varying from one year to
another), among which about 5 million of Euros are obtained from external funding. The main external
budget resources come from the FP7 European research programs, National Space agency (CNES),
ANR, INSU and other national programs and industrial contracts. This budget is managed at CEA,
CNRS and UVSQ. LSCE is organized in 4 scientific departments, one transverse scientific theme, one
large infrastructure project (ICOS) and 3 technical or administrative departments (see
http://www.Isce.ipsl.fr/for details).
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4.1.8 PARTNER8: UMR 8539 - LABORATOIREDE METEOROLOGIE D YNAMIQUE

Partner 8: LMD

Identity: LMD Laboratory is a joint research unit whose main supervisory authorities are Ecole
Nationale Supérieure (ENS), University Pierre et Marie Curie (UPMC), Ecole Polytechnique and
French National Center for Scientific Research (CNRS). The laboratory has strong relation with the
French national space centre (CNES). It is located at three sites (at Ecole Polytechnique in Palaiseau,
at ENS and at UPMC, in Paris). About 200 persons work at LMD, including one quarter of permanent
researchers and teachers, one quarter of engineers and administrative people, one quarter of doctoral
students, and one quarter of post-doc or visiting researchers.

Involvement in L-IPSL: 11 persons will be involved in Esep LabEXx, all the others will be involved in
L-IPSL.

Field of research: LMD mainly studies climate, pollution and the atmosphere of planets using
theoretical approaches, numerical modelling as well as remote sensing and instrumental development
for observation and numerical modelling. It is a leader on the research about dynamical and physical
processes to study and forecast the meteorological and climatic phenomena. LMD is working along
two main axes: (i) study of climate change and anthropic effects and (ii) study of dynamical and
physical processes in fluid envelopes and at the surface. LMD is working along two main axes: (i)
study of climate change and anthropic effects and (ii) study of dynamical and physical processes in
fluid envelopes and at the surface. The dynamics of the atmosphere is mainly studied at the global
scale; but to understand and forecast the atmospheric processes, LMD also deals with smaller scales,
always combining modelling, theoretical studies and observations

4.1.8.1 RESEARCH AND INNOVATI ON

Main equipments

The laboratory develops software largely distributed inside the community:

1 LMDZ is a general circulation model of the atmosphere used both for climate studies and
simulation of the atmosphere of other planets;

T Orchi d®e i s a 0L an ddev8lapedfwittc ESCBVPaiteet 7 df thix mroposal),the

laboratory has the responsibility of the exchanges of water between vegetation, soil and

atmosphere, the soil humidity scheme and the water transport through the river network to ocean.

CHIMERE is a chemistry-transport model with an operational use by INERIS for air quality forecast;

4AOP is a fast and accurate radiative transfer model;

1 Ixion is a software dedicated to orbitography and sampling, to exploit and prepare satellite
missions;

9 Calipso/Parasol simulator is a flexible tool to simulate active instruments in models and facilitate
the exploitation of A Train data in numerical models, used in the context of the CMIP5 simulation.

The laboratory manages huge databases and provides thematic climate data records :

= =4

1 GEISA is an international spectroscopic database;
1 Mars Climate Database is used by all spatial agencies to prepare Martian mission.
9 .Atmospheric and surface properties from space observations

The laboratory develops instruments:

9 Lidars, with a new focus on the development of a lidar to measure the CO2 fluxes;

1 Airborne sensors to monitor the photosynthetic activity through passive and active vegetation
fluorescence measurements;

9 ScaraB is a space instrument dedicated to radiative budget, the third instrument will be launch next
year on the franco-indian mission Megha-Tropiques;
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1 Instrumentation for long duration balloon is also developed: ozonometer and hygrometer.

The laboratory operates a world class Atmospheric Research Observatory: SIRTA in Palaiseau (Site
instrumental de recherche par télédétection atmosphérique). It is a multi-instrumented observatory for
atmospheric remote sensing research, climate monitoring, and atmospheric process exploration.

The laboratory is part of two EquipEx proposals: Sofra-ex (an observing system dedicated on
Aerosols, Clouds and Precipitations) and Paprica (a high-performance computing platform for the
development of advanced numerical prediction for prevention of meteorological, oceanic and climate
risks).

Laboratory scientific value and international influence
1 AERES ranking: A+ (2009 vague C);
1 Mean number of publications is around 130 per year (peer-reviewed journals);
1 H factor: 26 higher than 10 with 15 higher than 15 and 5 higher than 20;
1 Awards:
0 CNRS medals: 6 (3 silver: B. Legras 1995, O. Talagrand 2004, D.-D. Rousseau 2007 and
4 bronze: H. Letreut 1990, D.-D. Rousseau 1990, F. Hourdin 1997, F. Forget 2001)
0 Académie des Sciences: H. LeTreut (2005)
0 Academia Europaea: M. Ghil (1998), H. Le Treut (1999), M. Farge (2005), B. Legras
(2006)
1 ANR projects 13 with high responsibility (17 in progress)
R&D European framework programme projects: 1 with high responsibilities (5 in total)
1 Coordination of research at international level:
AMMA, Hymex, Strateole/Vorcore, Concordiasi
0 GEWEX Cloud Assessment
0 - WCRP Joint Steering Committee (JSC))
0 - WCRP Working Group on Coupled Models (WGCM)
0
0

=

o

- Cloud Feedback Model Intercomparison Project (CFMIP)
- Partner Investigator of the newly funded Australian Centre of Excellence on climate and
climate change (2010-2017)

1 Satellite mission: LMD has also major responsibilities (PI/Col) in past, present and future satellite
missions dedicated to the monitoring of essential variables: ISSWG for IASI (Eumetsat), Science
Team Calipso (NASA and CNES), MAG ADM-Aeolus (ESA) MAG Earthcare (ESA and JAXA),
MAG AEOLUS (ESA), Pl Megha-Tropiques (ISRO and CNES), PI MERLIN (DLR and CNES)...

1 Workshop, symposium and conference organization: The laboratory organize on average two or
three national or international events are organized by the laboratory per year.

4.1.8.2 EXPLOITATION OF RESUL TS

The | aboratory has deposed a patent (NA Enreg
automatique atmosph®rique et oc®aniqueo. I nven

The Laboratory develops joint research with ONERA and CNES.

The laboratory is in contact with many economic actors both in area of space: Thales, Astrium,
Noveltis, but also in the area of climatic expertise like Climpact and Aria, or lidar makers like
Leosphere.

P. Aires, member of the laboratory, has participated to create a new society (Estellus) to valorise the
expertise on the area of the use of microwave to observe the earth or other planets. Y. Goulas is
involved in the society Force-A dedicated to the observation of the plants growth.

4.1.8.3 HIGHER EDUCATION

LMD is deeply involved in teaching both at Ecole Normale Supérieure with J.-P. Duvel, who is
responsible for studies for the Geoscience Department, at Ecole Polytechnique with C. Basdevant who
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is President of the Department of Mechanic, and at UPMC with H. LeTreut who is in charge of the _
AEcol e Doctorale des Sci e-deeFersa ndcee 0l '"atndv iwiotnhn etkme nRi cdo nC |
charge of the domain fAi0Oc®an, Atmosph re, Climat et TR

There is 34 HDR in the lab and the members of the laboratory (not only teachers but also researchers)
are teaching not only in these trainings but also in engineer schools.
In the past 4 years, members of the laboratory have written more than 170 chapters of books.
1 Thesis: 45 PhD now in the lab (in a context of regular increase), in the past years there were 9 PhD
defended per year
Master 2 training: average of 8.5/year
Erasmus mundus student: 5 since 2002
CIFRE fellowship: 1 and 5 with industrial partnership 5 (CEA, CNES)
hD thesis jointly supervised by two countries: 8

T == =a =a

4.1.8.4 ORGANISATION

Total budget of LMD is 2.5 to 3.5 million of Euros (varying from one year to another), including about
400 kEuros of recurrent budget from CNRS, ENS, Ecole Polytechnique and UPMC. The main external
budget resources come from the National Space agency (CNES), European research programs, ANR,
INSU. This budget is mainly managed at CNRS. LMD is organized in 7 scientific teams, a technical
pole, a computing group and an administrative team (see http://www.Imd.jussieu.fr/ for details).
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419 PARTNER9: UMR 7619 1T STRUCTURE ET FONCTIO NNEMENT DES SYSTEMES  HYDRIQUES
CONTINENTAUX

Partner 9: SISYPHE

Identity: Sisyphe is a joint laboratory of the Université Pierre et Marie Curie (UPMC), the Centre
National de la Recherche Scientifique (CNRS) and the Ecole Pratique des Hautes Etudes (EPHE),
founded in 1997. It belongs to the UFR 918 A
Observatoire des Sciences de |1 6Univers ( OShd)is
supervised by the #Alnstitut Ecologie et Envir
Sciences de | 6Uni ver s o [aboMdtBridg aof thd Research Feularagion orf thet
Environment FIRE, led by J. Garnier (Sisyphe). Sisyphe is also at the head of a Laboratoire Européen

Associé (LEA: University Paris 6 & University of Brussels).

Sisyphe is composed of about 45 permanent members (28 researchers, 17 engineers and
technicians), 40 PhD students and 6 Post-Docs/ATER and 4 non-permanent technical staff.

Involvement in L-IPSL: Among these 95 members, 19 (i.e. 20%) are secondarily involved in the
LabEx project ODYSSEE on Ecosciences, Ecology and Environment (Pl L. Abbadie). The staff of the
FIRE Federation (4 engineers) and the associated CDD, Ph-D and post-docs (presently 7 persons)
are also involved in both LabEx L-IPSL and ODYSSEE, and included here in the Sisyphe staff.

Field of research: The research carried out at Sisyphe addresses challenging questions, namely the
interactions between subsurface structure and hydrological and biogeochemical processes, and the
anthropogenic impacts on water resources and water quality. This interdisciplinary focus fits perfectly
well with goals and organization of the L-IPSL based on interdisciplinary approaches and modeling
tools.

4.1.9.1 RESEARCH AND INNOVATI ON

Main research themes

Sisyphe provides a strong disciplinary expertise in quantitative hydrology over land. It encompasses
many specific environments (karstic systems, wetlands, permafrosts, glaciers and mountain
hydrology), with two transversal research focuses: the importance of coupling surface and ground
waters to properly understand the dynamics of water resources (groundwater, soil moisture, river
discharge), over time scales that can be long (anthropogenic perturbations, paleo-hydrology, up to
diagenesis); and numerical modelling to increase the hydrological skills of land surface models, to
implement new coupled processes in hydrogeological models and to develop integrated models of
river basins, with groundwater, land surface and human influences.

The geophysicists of Sisyphe describe and characterize different media (soil, subsoil, vadose zone
and groundwater), and different transfer processes (water and chemical elements) to provide an
expertise on societal issues such as storage (hydrocarbon, water, waste, CO2 ...) and resource
estimation (mining, water ...). Many studies concern the inverse problem to determine the distribution
of the physical properties that gave rise to the geophysical signals (gravimetry, seismic, electric,
electromagnetism, magnetism). The challenges include the development of 4D (three spatial
dimensions and time dimension) numerical models of physical property distributions (temperature, soll
moi stur e, € geophysical sutveyodata. Sisyphe also develops new sensors to obtain more
precise information on the physical behaviour of materials and to adapt the sensors to urban media.

Sisyphe specialists in biogeochemistry develop numerical model for studying the circulations and
transformations of biogenic, xenobiotic element at pluri-regional scales from land to sea. The main
goal is the functioning of the regional hydroecosystem in which the fluxes of the biogeochemical
compounds (from particulate to dissolved, from organic to inorganic) are estimated, reconstructed and
predicted in relation with human activities in the watersheds and the hydrological cycle. The
interactions between climate changes and human activities, and their impacts on continental systems,
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soil, water, costal zones and atmosphere (GHG, PAH, PCB, etc.) are presently a major challenge.
Many of the microcontaminants represent a real threat for both human health and ecosystems but are
still difficult to quantify. Further, in surface waters, the particulate phase and sediments constitute an
important vector of contamination able to clearly increase the time response of the systems by various
processes of storage and release.

Main equipments

Instrumental platforms and observing services
Platform of subsurface geophysics

Sisyphe manages many sub-surface geophysical devices (unique in France), composed of
commercial equipments and prototypes developed in the laboratory. It includes direct current
resistivimeters, time domain electromagnetic sounding devices, ground penetrating radars,
electromagnetic conductivitimeters, electrostatic equipments, gradiometers, micro-gravity, seismic unit
and sources, unit of induced polarization, temperature sensors to 1/1000th of °C. These equipments
correspond to imaging tools from the nearby area for any type of environment (urban, polluted soil,
frozen soil ...) and provide information on the quantity and quality of water in the soil.

Platform of Biogeochemistry

To study the transfer and behaviour of organic micropollutants in the environment, the team has
equipped a laboratory suited to the treatment and analyse of xenobiotic compounds found in the
air/soil/water compartment and the related biote. To improve the research capacity regarding
emergent pollutants, the team has recently acquired new specific equipment for chromatographic
analysis: two GC/MS, one GC/MS/MS, one HR HPLC/MS/MS. These equipments are completed by
one GC/NPD and two HPLC DAD/Fluorescence detector and specific materials for sample treatments
(extraction, purification, concentration). Regarding the biogeochemical C, N, P, Si cycles, auto-
analysers for dissolved inorganic forms, DOC and CHNS, are available with analysers. Liquid
scintillation technique for radioactive tracing (b) is also possible, in full respect to administrative rules.
Equipments also exist for studying microorganisms by classical microbiological techniques and
molecular biology. The research Federation FIRE has acquired, since its creation in 2007, a number of
outdoors equipments that can be shared among the member laboratories (piezometry, meteorological
station, ADCP, NIRS field spectrometer, multiparameter probes, XRF-p field fluorimeter, etc.).

Observing Systems in the Seine River watershed: the PIREN Seine program

The PIREN-Seine program (resp. J.-M. Mouchel) is one of the Zone Atelier (ZA) of the CNRS/INEE.
Numerous monitoring projects developed by this program since 1989 have been gathered in
comprehensive geospatial and time indexed databases, characterizing the functioning of the hydro-
ecosystem at the regional scale (water level, flow and quality for numerous types of organisms and
chemicals, historical land-use, quantitative water uses and emissions of contaminants). They are
regularly updated, and used in many modelling exercises, including the simulation of various scenarios
(climate change, evolution of agricultural practices and productions etc...).

EquipEx SeineARIO

The project SeineARIO (resp. J.-M. Mouchel) was proposed to the EquipEx call for proposal. It aims at
monitoring the microbial and chemical dynamics of the larger streams in the Seine basin in the long
term. It will be based on 10 autonomous stations capable of measuring in real time a large number of
parameters including nutrients, inorganic and organic forms of carbon in order to precisely assess the
response of the trophic functioning of the fluvial system to anthropogenic and climatic changes and the
contribution of the hydrosystem to the regional CO2 cycle. An additional proposed monitoring set of
devices is devoted to the understanding of organic contaminant transfer at the regional scale inside
the atmosphere/soil/water circulating system. An environmental sample bank will be devoted to
organic contaminants in all compartments and to microbial populations through their DNA, which will
regularly preserved from river waters.
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Laboratory scientific value and international influence

AERES ranking: A (2008)
Mean number of publications per year: 60 (peer-reviewed journals)
H factor: 3 higher than 20, 13 higher than 10.
Invited foreign scientists: more than 3 per year
Foreign post-docs: 2 per year
Awards: G. de Marsily (Académie des Sciences, 2003; Prix Meinzer de la Geological Society of
America, 2004), Ph-D Award ASTEE to J. Némery (2006), G. Tallec (2007).
ANR projects: a mean of 4 projects per year (1 with high responsibility)
R&D European framework program: 1 in progress (3 during the last 4 years)
Cooperation programmes with Vietnam, 1 UNESCO Program
Organization of meeting, symposium, congress: around 3 per year
Responsibilities in research organization:

0 Steering committees of national/international programs: 10

0 Learned societies: 5

=A =4 =4 =4 -8 -4

=A =4 =4 -4 -4

4.1.9.2 EXPLOITATION OF RESUL TS
Sisyphe provides expertise and develop research projects for a number of private and public

compani es ( EDF, GDF, Arkema Tot al, Veol i a, Suez, Statoi
Ademe, €) in the area of water an dcontracte are sgnechevery a | SCi €
year.

The PIREN-Seine program has set-up a exploitation structure aiming at disseminating research results
to stakeholders and water managers mainly in the river Seine basin. This structure is made by two
engineers, part time, one from CNRS, one from Agence de I'Eau Seine-Normandie (AESN) and is
presently editing and publishing a series of thematic booklets (9 already published, 9 more under
preparation). The biogeochemical Seneque/Riverstrahler model developed is taken in hand by the
AESN for evaluating the EU-water framework directive.

A researcher of Sisyphe, Michel Dabas, set up a company GEOCARTA in 2001 to develop
technologies for sub-surface mapping applied for agriculture applications (precision agriculture) and
archaeology. It originates from different developments undertaken in collaboration with Sisyphe. Some
devices (continuous resistivity profiling, automatic magnetic profiling) were patented by GEOCARTA.

4.1.9.3 HIGHER EDUCATION
PhD students at Sisyphe ar e i n maj ority integrated
Ressources Naturellesdo (ED398) of UPMC.

Sisyphe is deeply involved in teaching at UPMC. A. Tabbagh is responsible of the mention of Master

SDUEE #fASciences de | 6Uni ver s, Mducheliisrco-respensidendaf the Ec ol ogi
speciality AEnvironnements Cont i DEEElimwhichlLeQudiHapdlr osci e
P.Ri bstein are in charge of Master 2 fAHydrologie, hy
Master 2 fAG®ophysique appliqu®e, Ressources, Environ
responsible of MasserGu®r i @®o tse atersipppinsi bl e of the spe
Terredo at PolytechéParis UPMC engineer school

Some quantitative information is given below:

Number of foreign teachers invited: 1 per year

Number of PhD students at Sisyphe on 1* October 2010: 40

Number of PhD thesis defended (last 4 years): 10 per year (including 4 foreign students)
CIFRE fellowship: 4 on 1% October 2010

PhD thesis jointly supervised by two countries: 2 on 1* October 2010

Number of Master 2 students: about 10 per year

=A =4 =4 -4 -8 A
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4.1.9.4 ORGANISATION

Total budget of Sisyphe is about 2 millions of Euros excluding salaries (with the budget of the PIREN-

Seine Program), including about 100 ki o f recurrent budget from CNRS an
budget resources come from the various contracts with public and private companies, and also ANR,

INSU, EU. The laboratory is organized in three research axes pertaining to hydrology, geophysics and
biogeochemistry, which work together to address challenging fundamental and applied research

guestions (see http://www.sisyphe.upmc.fr/ for details).
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4.1.10 PARTNER 10: UMR 8148 1 | NTERACTIONSET D YNAMIQUE DES
ENVIRONN EMENTS DE SURFACE

Partner 10: IDES
Identity: I DES is a joint | aboratory of the ACentrp Natio
the AUniverSud®lde PEPEYD) created in 2004. I't|] i s st
transversal theme s . Within CNRS, | DES is supervised bly the
(I NSU), secondarily by the o0lnstitut Ecologie |et Envi
the AUFR des Scienceso and is memberTerfr ede WbD®paritten

only member. IDES is composed of 63 permanent employees and about 45 non-permanent people.
The permanent employees consist of 35 teachers-researchers, 5 researchers and 23 engineers and
technicians. The non-permanent people include ~35 PhD students and ~10 post-docs/ATER. IDES is
a young laboratory, with one half of scientists less than 40 years old.

Involvement in L-IPSL: The whole IDES staff will be involved in the L-IPSL LabEx.

Field of research: The main fields of research at IDES are climate variability, continental hydrology,
water and matter transfers in the geosphere and geochronology.

4.1.10.1 RESEARCH AND INNOVATI ON

Main research themes

One of the main strength of IDES is its ability to conduct multidisciplinary studies of the geological
processes occurring and/or recorded at the surface of the Earth and of terrestrial-type planets
(characterization, tracing, measurement and modelling of the interactions between internal and
external processes in surface environments or their reconstruction in the past). The main themes
studied by researchers of the IDES laboratory are: 1) the continental part (rivers, groundwater) of the
water cycle from the perspective of the preservation of water resources, ecosystems and natural
resources; 2) the characterization of Siberian and Martian permafrosts, the processes at the
subsurface-atmosphere interface on planets, and the ancient paleo-environments favourable to the
appearance of life; 3) the physical chemistry of biominerals and the reconstruction of the evolution of
environments and past climates on Earth; 4) the study of climate change impacts in arctic regions; 5)
the history of volcanic systems and the risk factors associated to their evolution; 6) the quantification of
the vertical movements of terrestrial surfaces (mountain ranges and sedimentary basins). Themes 1 to
4 are directly relevant to the two major scientific axes of the LabEx. Theme 5 will come in support to
the elucidation of volcanism-climate relationship, relevant to climate natural variability studies. Theme
6 presents connections with the study of long-term climate and hydrological cycle evolutions,
synergistically with themes 1 and 3.

Main equipments
The equipments of the laboratory are distributed over 3 platforms:

Geochemistry Mineralogy Geophysical measurements &
analogic modelling

- IRMS mass spectrometer and quadrupole - X-ray diffractometer - Sismometer

- K-Ar and Ar-Ar mass spectrometers (coupled with - Scanning electron microscope | - Geoelectrical equipment

a furnace and a laser) with EDS detector - Geological radar

- Noble gas mass spectrometer - Atomic force microscope - Differential GPS

- Thermal Luminescence and Optically Stimulated - Laser granulometer - Spontaneous potential equipment

Luminescence device - Fourier transform infrared and cesium magnetometer

- Liquid and gas chromatrographs spectrometer - Hydraulic channel in cold chamber

- Atomic emission spectrometer using inductively - Cathodo-luminescence device | - 3-D digital laser scanner (shared

coupled plasma (icp-oes) with FAST laboratory)

- Atomic absorption spectro-photometer.

- b spectrometer
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Instrumental platforms and observing services
Collaborative IDES-LSCE Analytical Platform (EquipEx PACEC)

A collaborative analytical platform shared by IDES and LSCE (Partner 6 of this proposal) has been
developed during the last three years. This platform, created in 2008 and first dedicated to hydrology,
took advantage of scientists and engineers with complementary areas of expertise in isotopic
hydrogeology and water dating. Today, the analytical platform includes instruments from LSCE
(spectrometer for noble gas, TIMS, ICP-MS, LA-MC-ICPMS) and IDES (H,O-Max platform, X-ray
diffractometer, laser grain-size). The installation of a clean laboratory at IDES for sample preparation
for isotope analyses is underway and will complement the existing one at LSCE.

An Equi pEX project call ed PACEC (APl atef or me

| 6Environnement et du Climato), devotleldtformdastbdee
submitted to ANR. This project, coordinated by C. Colin (IDES), and co-coordinated by E. Cortijo
(LSCE), is led by UPSUD. The new equipment requested will make it possible for researchers from
LSCE and IDES to conduct joint competitive and innovative research activities in the fields of
geochronology, climate and environmental research (hydrology). It consists of a set of mass
spectrometers (noble gas, CHONS, d’O, dD, d**C, Ar-Ar dating), laser spectrometers dD (water,
water vapour), cathodoluminescence system, XRF core scanner and ICP-MS HR.

Collaborative IDES-FAST geophysical platform
The APl ateforme de Mod®lisation Physique de Pr

by | DES and t he FAST | abor et ory SYyBlkuimdess,

UPSUD/P6/CNRS) in 2006. This platform combines the theoretical, numerical and experimental
modelling with the in-situ studies of several geological processes observed at the surface, or in the
subsurface, of the Earth. Its main scientific topics are the erosion of frozen islands in perigacial context
(IDES) and the measurements of disruption and erosion surfaces and the characterization of impact
cones (FAST). The equipments of the geophysical platform are: (i) hydraulic channels in cold
chambers, (ii) geophysical imaging device (electrical resistivity tomography and high resolution ground
penetrating radar, (i) high resolution camera, (iv) computing cluster, (v) 3-D digital laser scanner.

New OSU context and IDES projects of observing services

The OSU nAlnstitut doAstrophyique Spatialebo (1AS) i s
including both IAS and IDES. The new OSU should be officially created on mid-2011. The two major

objectives of IDES, as a member of this OSU, are: (i ) to devel op and obtain the
dé6Observationo (SO), (ii) to reinforce scientific coo
Two SO projects ar e presently under submission t o
db6Obser vladt H xopn®reitment ati on pour | a Recherche en Enviro

The IDES-l ed arctic observatory HYPERARCTIC (AHYdrologi e

focused on two major objectives: (i) hydrological and climatic monitoring of a small glacial catchment
basin in polar environment (West-Spitsberg), (ii) automatic monitoring of permafrost temperatures in
Yakutia on the islands of the Lena river.

The joint IDES-BRGM observatory of water isotopes in rain water at a series of selected sampling
sites in France.

Inthe field of planetology, the fiPhototh que Plan®tai

for the automatic treatment of planetary space data, will constitute a significant contribution of IDES to
the new OSU.

Scientific strategy of IDES on the Paris-Saclay campus

The three cooperative efforts previously described: (i) IDES-LSCE analytical platform, (ii) IDES-FAST
geophysical platform and (iii) IAS-IDES OSU, are strongly structuring for IDES and will (partly) shape
the future scientific orientations of the laboratory. To increase their efficiency, wider synergies are
being created:

At Orsay campus scal e, | DES wi shes to be |l ocated

campus, regrouping laboratories developing research in the field of environment, including ecology

and biodiversity (members of t he GEREPS: AGroupe
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Environnement de ['Université de Paris-Sud o) . Such a geographical pr ox
development of scientific and analytical links between IDES and laboratories of biology, chemistry and

physics.

At regional scale, IDES wishes to reinforce cooperation with IPSL laboratories and the SISYPHE

laboratory (in the field of hydrology) in the frame of the L-IPSL LabEx.

Laboratory scientific value and international influence
AERES ranking: A (2009, vague D);
Mean number of publications per year over the last 4 years: 60 (peer-reviewed journals);
H factor: 2 higher than 20, 15 higher than 10;
Invited foreign scientists: 3-4 per year;
Number of foreign post-docs (last 4 years): 1-2 per year;
Awards:
o APrix Van Straeleno of the SGF (2000),
0 "Huésped Distinguido" of Salamanque, Spain (2003),
o iM®daill e de bronzedo of CNRS (2006) ;
ANR projects: 11 during the last 4 years (5 with high responsibility);
PCRD/ESF projects: 2 during the last 4 years with high responsibility;
ESA/CNES projects: 2 during the last 4 years with high responsibility;
Organization of meeting, symposi um, c elmaged bysas : a2 p
member of IDES: Polar Worlds International Conference, 2011;
1 Responsibilities in research organization at national and international levels (last 4 years):
0 Steering committees of national/international programs: 6
o Editorial board of scientific journals: 7
0 Learned societies: 7
o GDR (@6 Gpements De Recherchedo of CNRS): 3
0
0

=A =4 =4 -4 -8 A4

= =4 =4 =4

NASA and ESA space exploration committees: 4
iGr ouprkocAdSy st me Solaired (CNES): 1

4.1.10.2 EXPLOITATION OF RESUL TS

One patent is authored by a member of IDES (system for in-situ datation of Martian rocks). The
members of the laboratory provide expertise for a number of private and public companies (ANDRA,
AREVA, Gaz de France, IFP, Total, CEA, IRSN, Ifremer, Polynesian service of pearl oyster culture,

pear |l oyster farmers, etc. ). Thenhkltefeh maépobpesertsatoic
(IPA), involved in climate change and related societal impact studies, is a member of IDES. A close
partnership has been established with the f#fAisotopic

Energy Agency (IAEA), under the form of laboratory analyses and training of foreign students. Four

researchers are working as experts for the IAEA on technical aspects and application of isotopic

hydrology methods to the evaluation and management of water resources. One of them isthe i f o c a |
pointo for France of the "Joint I nternat-iABA),add | sot op
chairman of "H2i", the French committee of isotopic hydrology (AIH-AISH).

4.1.10.3 HIGHER EDUCATION

The IDES teaching team is composed of 24 university lecturers (2 presently on secondment) and 14
professors (1 on secondment), with therefore 35 teachers-researchers present in the laboratory.
These teachers are providing all training courses in Earth Science at UPSUD, from L1 level (PCST

and BCST common portalsyup t o the masters of @ASciences de | a Te
AEnvironment o, including the |Iicence of AG®osciences:
ARecheofche8®U) and professional (master ApoftbedSTOWf Envir
master ar e: AHydr ol ogi e, hydr og®ol ogi e, sol so (jo
AEnvironnements S®di mentaires et Volcaniqueso and AP
and in the master fAiEnvi r on rSevera niebobers afe @Bm invelvedGi®o | ogi qu
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professional |l icences, at the oO0lnstitut Universitair
physics, and i n t he cursus APol l utions chimiques e
AEnvironnemenvol vivéd manetiaining courses of geol ogy i
professeurs de SVTO0O of the masters of biology, STU
geoscience courses in the double degree gfUPStUDe mast ¢

and Tomsk Polytechnical University (West Siberia).

More quantitative information is given below:

1 Number of teachers-researchers and researchers contributing to teaching activities: 35 teachers-
researchers et 5 CNRS researchers;

f Number of PhD students at IDES on 1% October 2010: 35;

Number of foreign teachers invited: 3-4 per year;

Number of teachers-researchers involved in training courses in foreign countries: 5 per year,

mostly at master and PhD levels (Slovakia, Spain, Poland, Hungary, Brazil, Russia);

Number of Master 2 students (last 4 years): 12 per year, including 3 foreign students;

Number of thesis defended (last 4 years): &8 per ye:

Number of HDR defended since 2005: 7;

Number of Erasmus, Erasmus Mundus (and other) students: 4 Russian students (partnership with
Tomsk since 2008);

1 Students under jointadvising( | ast 4 years): al per year (Brazil,
1 Professional insertion: average delay between PhD and stable employment of 2 to 4 years.

= =4

= =4 =4 =4

4.1.10.4 ORGANISATION

The gl obal budget of the | DES | aboratorfyomUPSUDI udi ng
and CNRS, the public and private contracts, the EuUur or
2010, excluding salaries. The laboratory is structured in 5 scientific teams and 2 transversal themes.

The instruments are distributed over 3 platforms. From an administrative point of view, IDES is

managed jointly by the UPSUD Uni ve-desFirtayncaendSudbe CN
financial management is shared between UPSUD and CNRS (see http://ides.geol.u-psud.fr/ for

details).
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4.2. EXISTING COLLABORATIO NS

Intensive collaborations inside the IPSL federation are a key of ambitious projects such as the
development of the Earth System Model, participation to international field programmes like Hymex or
AMMA, or coordination of satellite missions like Megha-Tropique. The federation was in fact created to
respond to such challenges, and in particular to develop the coupled atmosphere-ocean global
modelling in the 90s.

Collaboration between IPSL laborator i es and the two Ainewd | aboratori

the questions of continental hydrology, biogeochemical cycles and paleoclimates.

At a national level the L-IPSL laboratories have for a long time strong relations with Meteo France, as
a major actor on climate and atmospheric science. Relations with other French institutes, as Ifremer,
Cemagref are also important for L-IPSL activities (ocean, land surface). However, many scientific
projects in which L-IPSL teams are involved are coordinated at a national level, within INSU
programmes. L-IPSL teams thus collaborate with most of the French laboratories in the corresponding
domains.

Partner 3: LPMAA

1 ANR IDEO: funded by ANR under contract no ANR-09-BLAN-0022-03, between 3 French
laboratories (LPMAA, PAris, GSMA, Reims and LSP, Grenoble)

1 ANR Strapolete: funded by ANR under contract no ANR-BLANO8-1-31627, between 4 French
laboratories (LPMAA, PAris; LPC2E, Orléans; LATMOS, Paris; LOA, Lille) and one German
laboratory (IUP, Heidelberg)

1 FP7-ITN INTRAMIF: funded by CEC (Commission of the European Communities) under grant
agreement no 237890 with 8 international scientific laboratories, one of which LSCE (IPSL), and 8
associated international partner organizations (private enterprises/non-profit organizations)

Recent participation to space mission:

I GOSAT science team by the way of the joint research announcement of Japanese Space Agency
and National Institute of Environmental Studies.

1 I1ASI-NG New Generation Mission Group founded by CNES

IASI Sounding Science Working Group (CNES and EUMETSAT consultative scientific group).

1 SIMCO: funding by diverse sources, collaboration intra-IPSL with LSCE on the development of an
optical CO2 isotope analyzer (SIMCO - Spectrometer for the Isotope Measurement of CO2).

=

Partner 4: LOCEAN

I LOCEAN has been a member of IPSL since the origin. Inside IPSL, main collaborations are with
LMD and LSCE on modelling (ocean - atmosphere climate model), with LMD on tropical climate,
with LSCE on marine biogeochemistry and paleoclimate.

9 Collaborations with LATMOS concern the ocean surface characteristics (mass and energy fluxes,
ice, waves) from in situ and satellites.

M Within UPMC, LOCEAN collaborates with LOV, LOMIC, AD2M in the three marine stations
(phytoplancton characterization)

1 In France and in Europe, the NEMO ocean model has permitted the development of numerous
collaborations. Cruises generally involve scientists from various labs (LEGOS, LPO, COM, LOV,
LOMIC...). LOCEAN is also strongly involved in european collaborations on polar research (IPY
projects, FP6/7,...), in the ocean GMES project (MyOcean).

1 As a laboratory depending on IRD, LOCEAN has a strong involvement in collaborative research
with developing countries in tropical latitudes (South America, West Africa, India, Indonesia), in
oceanography, paleoclimate, impacts of the global change on resources and agriculture.
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Partner 5: LISA

|l

LISA is a member of IPSL since January 2009, and was associated to IPSL from 2001 to 2009.
Inside IPSL, main collaborations are with LSCE and LMD on air quality and regional modelling, with

LPMAA on atmospheric spectroscopy, with LOCEAN

LISA is in charge in the frame of FP7- MACC with LATMOS, LMD, INERIS, Meteo-Fr an c e é-,
Megapoli

SDT: LISA has deployed an observing network in the sahelian belt for monitoring of the
atmospheric dust content for decadal periods. The three stations respectively in Niger, Mali and
Senegal are located on the main pathway of the dust when transported from their source regions to
the Atlantic ocean. This observing system is working from 2006 with a recovery rate of data greater
than 90%

LISA is Pl in several space instruments for Earth observations (IASI, MIPAS) and is responsible of
several spectroscopic research networks, for example funded by CEC (Commission of the
European Communities)

LISA also contributed to the development of the CHIMERE model, today transferred at INERIS for

exploitation in the frame of air quality survey

LMD has involved in collaborative research with many European countries, USA, China, Russia,

Me xi co, Korea, € and al so West and North Africa.

Partner 6: LATMOS

1

LATMOS (formed in 2009 by merging former Service d'’Aéronomie and part of former CETP) is a
member of IPSL since the origin. Inside IPSL, main collaborations are with LMD (properties and
distribution of cloud, precipitations, water vapour from satellite, physical processes at the
troposphere-stratosphere interface), boundary layer processes) LSCE (observation and modelling
of air composition, representation of stratospheric processes in climate models), LPMAA (air
composition satellite observation) LOCEAN (ocean surface mass and energy fluxes, ice, waves
from in situ and satellites),

In France, numerous collaborations exist with Toulouse laboratories (CNRM, Laboratoire
d'Aérologie), with GSMA (Reims), with Laboratoire d'Optique Atmosphérique (LOA), with LAMP
(Clermont-Ferrand), LPC2E (Orléans), LACY (La Réunion). Common experimental campaigns or
analyses of observations (among which the NDACC national observing system and AMA
campaign), and synergy between modelling and observations, are the main subjects of theses
collaborations

In the context of European projects, or European satellite missions, collaborations with German
(e.g. DLR), English (e.g. University of Reading), Finish laboratories are numerous.

Outside Europe main collaborations are with NCAR (US) on processes in the upper atmosphere
and air composition, Climate institute in Melbourne (Australia) on clouds and precipitation, China,
India and Brazil for cooperative satellite missions dedicated to observation of atmosphere (water
cycle) or ocean surface.

Partner 7: LSCE

|l

LOCEAN has been a member of IPSL since the origin. Inside IPSL, main collaborations are with
LMD and LOCEAN on modelling (ocean - atmosphere climate model), with LMD on tropical
climate, with LOCEAN on marine biogeochemistry and paleoclimate, with LISA and LMD on air
guality and regional modelling, with LATMOS on atmospheric chemistry and with LATMOS and
LMD on lidar developments.

Outside IPSL, LSCE has also strong links with the two other partners of the L-IPSL project, with
SISYPHE on hydrology, paleoclimatology and biogeochemistry and with IDES on paleoclimatology
and hydrology. A shared analytical platform of geochemistry with IDES is under construction
through the EquiPex project PACEC.
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1 LSCE hosts and supports the European Infrastructure ICOS for the observation of the carbon
cycle. ICOS is also a French TGIR, which regroups a large number of national laboratories.

1 LSCE hosts and animates the Climate-Environment-Society consortium (GIS Climat), which relays
on the expertise of 14 laboratories in Paris area (6 of them in IPSL federation + Sisyphe).

1 LSCE researchers are strongly involved in the national scientific animation through their
participation at several INSU committees (PNTS, LEFE, MISTRALS). LSCE is strongly involved in
the various projects of the Mediterranean Programme of INSU.

1 LSCE has a long history of collaboration with the national Space agency (CNES). It is responsible
since 1994 for the development of the operational processing codes of the French
POLDER/PARASOL satellites. LSCE is al so I-Gardhdd gc drheee pdte
of a satellite designed to measure atmospheric CO2.

1 LSCE has a strong European culture and has been coordinating several projects in the last decade
and participating in tens of other projects.

Partner 8: LMD

1 LMD has been a member of IPSL since the origin. Inside IPSL, main collaborations are with
LOCEAN and LSCE on modelling (ocean - atmosphere climate model), with LISA on atmospheric
chemistry, with LATMOS and LSCE on lidar development, with LOCEAN on tropical climate, with
LATMOS on satellite missionsd analysi s, and with LPI

1 LMD hosts SIRTA: the IPSL multi-instrumented observatory for atmospheric remote sensing
research, climate monitoring, and atmospheric process exploration.

I LMD is also active member of Climate-Environment-Society consortium who relays on the
expertise of 14 laboratories in Paris area (6 of them in IPSL federation + Sisyphe). It aims to
encourage, support and coordinate interdisciplinary research into climate change and its
repercussions on society and the environment.

1 LMD has strong relations with Meteo-France, with exchanges of persons to work on common

representation of physic processes and on geostationary satellite products distribution.

LMD develops the air quality prediction code CHIMERE operated by INERIS.

1 LMD has involved in collaborative research with many European countries, USA, India, China,
Russia, Argentina, Mexico and also West and North Africa.

=

Partner 9: SISYPHE

SISYPHE is an active member of the GIS Climat - Environnement - Société with the six laboratories
(LPMAA, LOCEAN, LISA, LATMOS, LSCE, LMD) of the IPSL. SISYPHE and LSCE have carried out
extensive collaborative research in the field of hydrology, paleoclimatology and biogeochemistry,
including the co-supervision of 4 PhD thesis and participation to different projects: project
COORBASSE (supported by Région lle de France), ANR ORACLE, project MEDISIS (INSU/EC2CO).
LSCE participates to the PIREN Seine programme leaded by SISYPHE. Also LMD, LOCEAN and
SISYPHE are cooperating in ANR ESCAPE. LMD and SISYPHE cooperate also in the project
HYDROSOL with co-supervision of a PhD student. IDES and SISYPHE are cooperating in the field of
hydrology, with the co-supervision of 1 PhD thesis, common teaching at M2 level, and involvement in
the GEOFCAN network on subsurface geophysics.

Partner 10: IDES

Over the last decades, IDES and LSCE have carried out extensive collaborative research in the field
of paleoclimatology, with the co-supervision of over 10 PhD thesis. IDES, LSCE and LOCEAN are
cooperating since 2006 on the ANR NEWTON, whose main objective is to investigate deep-water
corals. In the fields of polar science and hydrology, collaborative works between IDES and LSCE are
combining field studies (e.g. PERGELENA project, Syster/INSU), cold chamber analytical simulation,
geochemistry and numerical modelling. All these collaborations have led to the development of
common analytical platforms in paleoclimatology and hydrology (dating of groundwater), which acted
as a nucleus for the Equipex project PACEC. IDES and SISYPHE are cooperating in the field of
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hydrology, with the co-supervision of 1 PhD thesis, common teaching at M2 level, and involvement in
the GEOFCAN network.

il

il

Regional collaborations: Main lle-de-France collaborations (paleo-climatology, geophysics,
hydrology): MNHN, FAST (Orsay), LGE (IPG, Paris 7), CSNSM (Orsay), Soleil (Saclay).

Main national collaborations (paleoclimatology, hydrology): EPOC (Bordeaux), CEREGE (Aix
Marseille, Nimes), PBDS (Lille), LDL (Montpellier), Lab. de Chrono-Ecologie (Université de
Franche-Comté), IRD (Montpellier), LiMos (Nancy), LEM (Nancy), CNAB (Bordeaux), ISTO
(Orléans), Géosciences (Rennes).

Main international collaborations (paleoclimatology, hydrology, arctic regions): State Key
Laboratory Marine Geology (Tongji Univ., China), Renard Centre of Marine Geology (Univ. Gent,
Belgium), Univ. Pise (Italy), Permafrost Institut of Russian Academy of Science (Yakutsk, Siberia),
Univ. Laval, Dawson Collége (Québec), Swansea University (U.K.), african partners : Morocco
(Univ. Agadir, Univ. Marrakech), Algeria (Univ. Blida), Tunisia (ENIS), Tanzania (IRA, Dar es
Salaam), Ivory Coast (Univ. Cocody, Abidjan), Djibouti (CERD).

54/135



2010
SCIENTIFIC SUBMISSION FORM B

5. TECHNICAL AND SCIENTI FIC DESCRI PTION OF THE PROJECT
5.1. STATE OF THE ART

International context and general aims

Mitigation of and adaptation to climate change are among the largest collective challenges that our
societies need to face during the next decades and beyond. The last IPCC report stated that global
warming is unequivocal and will amplify in the coming decades due to the increase in atmospheric
concentrations of long-lived greenhouse gases. The design of adaptation policies and strategies for
energy use and production, as well as the management of limited environmental and energy resources
require all a rapid increase in our understanding of the climate system and our capacity to predict its
evolution with the largest possible accuracy. This is why climate research centres with worldwide
visibility have emerged, over the past two decades, in all major countries.

In France, the consortium (federation) Institut Pierrei Simon Laplace (IPSL) is gathering about 1000
staff and the skills of 6 laboratories of the Paris area. Over the past 20 years, it has developed a
unique capability to address most climate-related scientific issues, ranging from climate forcings and
processes all the way to climate impacts. As an active partner in the international research effort,
which has lead to the successive IPCC assessments, IPSL has established itself as a recognised
leader on a number of international projects. IPSL is currently among the about 10 centres which have
developed a fully coupled and comprehensive approach to the earth system modelling and
observation.

It is the responsibility of scientists to improve the capability to study and project the evolution of climate
and its consequences over the next decades. We already know that carbon dioxide accumulates in
the atmosphere much faster than natural sinks can remove it, and we also know that its effects will last
for several centuries. Thus, there is a need to increase the pace at which this research is pursued, in
both its fundamental and interdisciplinary aspects, because delaying studies and actions can only
increase the burden placed on future generations. At the present time, science has established that
anthropogenic global warming due to increased radiative forcing will induce specific well-defined
climate patterns at the planetary scale. However, models have still a very limited skill in assessing the
potential consequences of climate change at the temporal and spatial scales that are the most
relevant for political or economical decision-making, namely a few decades ahead (the
timescale of infrastructure planning), and on the local or regional scales (which are those of
climate impact on environmental resources). This information is needed both to adequately
determine the level of permissible GHG emissions, and to define adaptation policies to the now
inevitable component of future climate change.

The goal of the L-IPSL project is to address this problem over the next 10 years with an
efficient problem solving strategy. The project will integrate research on bottleneck processes,
using observations of present climate, proxy-based reconstruction of past climates, and an
earth-system modelling capacity, from global to local scales to provide climate projections for
the next decades with accuracy as much compliant as possible to society needs.

This strategy can only be developed using the strength of a federation of laboratories such as IPSL,
which has the expertise, the means and the experience of coordinating large projects. The L-IPSL,
which emanates from the IPSL federation will gather teams from all the laboratories of the IPSL
federation (70% or more of each laboratory is involved). Collectively, these laboratories possess the
capability to both observe and model all components of the climate system, which is unique in the
world. The L-IPSL will also include two new laboratories: IDES (CNRS/ University Paris 11) and
SISYPHE (CNRS/ UPMC), who will bring added expertise required in the study of land surfaces. Our
ambition is to place our teams within the leading 5 worldwide institutes able to provide
observations, model projections and key analyses for policy advice.

These objectives are fully consistent with those the
and modelling of climate and biodiversity, using both observations (in particular from satellite) and high
perfforman c e comput at i oaxi®to answeraenviponmeatal urgescies. The L-IPSL proposal
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is focused on climate and articulated with other proposals dealing with biodiversity and
agrotechnology.

Detailed research objectives

The Earth system is a complex system that integrates the atmosphere, the ocean, the cryosphere,
continental surfaces, and the biosphere and through a large variety of processes that can be physical,
chemical or biological. Its complexity is reminiscent of the human body and cannot be studied simply
as the sum of its components. This has induced the development of a new branch of science,
sometimes called Earth System science, which gathers a continuum of theoretical, humerical and
observational studies. The ability to observe and comprehend the functioning of such an integrated
system under different conditions (on other planets or on the Earth at earlier ages) has also brought a
large body of questions and answers, for example, to address the long-term stability or instability of
the Earthdéds climate system The spectrum of int
ranging from the scale of a cloud to that of planetary atmospheric or oceanic waves, and the system is
highly nonlinear, so a very large amount of processes have to be considered in order to fully represent
the whole system.

However the L-IPSL project will not address this whole complexity on an equal basis, but will focus on
a set of questions, which go from the main initial concern (GHG increase) to the consequences of
climate change:

1 (1) How far can we really anticipate the future evolution of the atmospheric composition, which
depends on a very large number of factors including socio-economic drivers?

1 (2) How can we determine what is really predictable in terms of future climate evolution, in a
system that combines anthropogenically induced changes and natural fluctuations?

1 (3) What are the relations between the global evolution of the climate and its regional
consequences?

1 (4) How much do these local or regional climate evolutions impact environmental resources such
as freshwater availability, air quality, and oceanic and terrestrial ecosystem services including the
maintenance of biodiversity?

1 (5 How can we assessthe pot ent i al i mpact of unpredictahb
from the rapid non-linear behaviour of Earth System components?

Answering these questions (from which we will derive the main work packages of this project) relies on

a combination of improved theoretical understanding, dedicated in situ or space-borne measurements,

and more application-oriented modelling.

New tools and new possibilities

The L-IPSL project comes at a time when there is a profound evolution in the modelling and
observation of the climate system, and the combination of both. IPSL has been participating in this
evolution, first through its early involvement in the international coordination of modelling studies, but
also by its strong links with the French national space agency (CNES) and the European Space
Agency (ESA) or the Global Monitoring for Environmental Security (GMES). IPSL is also contributing
to international measurement networks (NDACC, RAMCEYS).

(i) Modelling

There has been a continuing progress in computing capacity and associated model development over
the last 40 years. This development has modified climate modelling to a point where it is entering a
new era, in which only a few groups worldwide will have the capability to remain at the forefront of
research. Increased computer capacity has been used to bring at least three types of improvement:
model complexity, model resolution and the statistical significance of model studies (by increasing the
number and length of the simulations). At the time of the IPCC First Assessment Report (1990), model
horizontal resolution was about 500 km. Now it is quite often 100 km, and some models are run at a

resolution nearer to 10 km. At rtelsiosd veogbe (cmoddl

critically depends on dynamical features which are much smaller) but some effect of local orography,
costal effects (both in the ocean and atmosphere) or coupling of rainfall with surface processes start to
be represented in a more explicit way. This change in resolution however requires renewed effort in
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model development. Today's climate models also include coupled representations of the atmosphere,
the ocean, the continental and ice surfaces, and increasingly include chemical or biochemical
processes. The resulting modelarc hi t ect ures are often referred
They are developed by multidisciplinary groups of scientists, which may gather 50 to 100 scientistsd
with a much larger group of people involved in their validation at different time and space scales.
Those figures correspond to the present situation at IPSL.

Model evaluation has become much more structured. It is now mainly carried out at the international
level, through model inter-comparison programmes that are organised under the auspices of the
WCRP (World Climate Research Programme) and the IGBP (International Geosphere-Biosphere
Programme). The successive IPCC reports largely base their diagnostics (typically every 7 years) on
these collaborative exercises, which have grown each time one-order of magnitude in complexity and
size, with a huge increase in the volume of exchanged data (1 Petabyte of data is being archived by
IPSL for the sets of simulations that will be used in the IPCC AR5 report, and much more is expected
during the next 5 to 10 years). Part of the model comparison exercises that are developed under the
CORDEX project now concern regional modelsd an area in which IPSL has developed regional ESM
that are the counterparts to the global ESM.

(ii) Observations

The observational data sets on which climate studies rely also have changed significantly.
Observations are coordinated through established programmes at the international, in particular
GCOS (Global Climate Observing System), now inserted into the wider GEOSS (Global Earth
Observation System of Systems), which are mostly developed under the auspices of WMO, United
Nations and Space Agencies (coordination through CEOS). We can differentiate 3 types of data,
through their different role in climate studies (the past contribution of IPSL is detailed within the
description of the IPSL Federation)

- Process-oriented measurements: The prediction of global or regional climate evolution requires a
sufficient understanding of the key processes that control it. This is generally achieved through a
combination of in-situ measurements (at the surface, from aircrafts or balloons), field campaigns, and
remote measurements from space.

- Continuous monitoring: Climate is a statistical concept defined over at least a few decades.
Measurements from space began in the 70s or the 80s, and they are now providing a very useful
complement to surface data. IPSL is actively participating to situ observatories and in the design of
space studies. The in situ observatories are generally an extension of the instrumental effort
mentioned in the preceding section.

- Instrumental development: Laboratory instrumental developments are essential for the design of
new instrumentation. IPSL laboratories have developed specific skills in a variety of fields, including:
lidar instrumentation, infrared spectroscopy, instrumentation at sea (gliders), balloon-borne sensors,
and mass spectrometry. These developments have a variety of applications: measurement of clouds,
aerosols, CO,, surface fluxes of energy, water or trace gases over the ocean or the continents.

- Laboratory measurements: IPSL also has also developed a range of laboratory measurement
techniques to characterize the environment in the geosphere (elements in soils or sediments) and the
atmosphere (chemical compounds), to reconstruct climate and ecosystem functioning from proxies
(elements and isotopes) over periods without instrumental records (eg using ice, sedimental cores,
corals, speleothems and other climate archives).

(iii) Synthetic studies at the interface between models and data

The synergetic use of simulations and observations has always been at the core of the development of
Earth environment studies. Data are necessary both to design models and to validate them.
Conversely, models and data assimilation methods constitute an essential tool to analyse
observations of different origin and nature. Because of its distribution between thematic laboratories

that are each studying different climate sub-c o mponent s (at mosphere, eofean,

observational and modelling tools, IPSL is probably one of the very few leading institutes in the world
that has resisted the tendency to specialization and maintained such close links between observations
and modelsd an approach which is also shared by the IDES and SISYPHE institutes.
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The CMIP5 experiments (on which the IPCC is expected to base its AR5 assessment report) includes
in a single concept different studies designed to validate various aspects of climate models: AMIP
(Atmospheric Model Intercomparison Programme), CFMIP (Cloud Forcing), PMIP (Paleoclimate), and
C4MIP (Coupled Carbon Cycle and Climate). IPSL scientists have been among the initiators of PMIP,
CFMIP and C4MIP. These projects provide an estimate of the uncertainties affecting current climate
projections, and condition the ongoing efforts
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5.2. OBJECTIVES OF THE PRO JECT COMPARED TO THE STATE OF THE ART AND  IN RELATION TO
THE SNRI
5.2.1 SCIENTIFIC PROGRAMME

The L-IPSL project

The objective of the L-IPSL project is to assess and improve the French capacity to predict climate
evolution at the time scale of a few decades and to determine some of its regional consequences,
particularly in terms of environmental resources. This objective is ambitious, and significant progress is
expected within the next 5 or 10 years.

To tackle this very ambitious challenge 5 major hurdles were identified above, both for their scientific
relevance, and because of the specific capacity of L-IPSL to address them, thanks to the dual culture
of modelling and observational studies that is characteristic of L-IPSL laboratories. They will define the
5 scientific work packages (WPs) that will structure the LabEx proposal.

Transverse, methodological work packages (TWPs) are also necessary to deal with the development
aspects of the model architecture, to establish how the observational analysis and strategy should
reflect the key objectives of L-IPSL, or to determine a consistent approach of the uncertainties
affecting all the results.

Work packages (WPs)

WP-1) Factors controlling the atmospheric composition

The future evolution of the Earth radiative forcing will depend upon anthropogenic activities, reflecting
economic development pathways and the structure of energy production systems, as well as the
response of natural biogeochemical cycles.

Over the past two decades, 80% of the increased radiative forcing is caused by the emissions of CO,
from fossil fuel burning and land use change. This illustrates how crucial is the carbon cycle in
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controlling the future rate of climate change. Roughly half of these anthropogenic CO, emissions are
absorbed by natural sinks in the ocean and in terrestrial ecosystems. But models of the coupled
climate-carbon system, such as those of the C4AMIP experiment, consistently predict that future climate
change will reduce the ability of natural sinks to continue to absorb anthropogenic CO.,.

Like the carbon cycle, other long lived greenhouse gases with a global warming effect, CH, and
N,O, also have an anthropogenic and a natural component, which are important to quantify and
understand, including the underlying processes

Short-lived aerosols and reactive gases are produced by a variety of processes and transported
away from emission regions. Unlike long lived greenhouse gases, these species exert a regional
climate forcing, which can be either positive or negative in the case of aerosols. Locally, the climate
forcing of aerosols and reactive gases can be larger in magnitude than that of greenhouse gases.
Measures to improve airt-r quality worl dwide may
induced by greenhouse gases.

The science of the Earth System is still in infancy in its ability to describe and undestand the economic
forces and the natural processes controlling atmospheric composition changes, in the recent past, the
current decade, and into the future.

Given the modest resources allocated to a LabEXx, this workpackage on atmospheric composition and
radiative forcing cannot pretend to address the whole complexity of model development, model
validation and model-data integration. Rather, we have chosen to focus our activities around three
main outstanding research questions during the next 5 years. Each question will be tackled by using
an integrated approach that combines both observations and models.

Question 1: Can we attribute the radiative forcing of increasing atmospheric CO, and CH, to the
underlying regional processes? For example, can we discriminate the separate effects of the
natural carbon cycle (e.g. CO, fertilization, nitrogen and water availability to plants, ocean biota
changes) and to the economic drivers of fossil fuel emissions?

Question 2: Can we attribute the radiative forcing of aerosols and short-lived reactive gases to
their precursor emissions? The main goals are to separate anthropogenic and natural sources, and
to identify the relative contribution of different continental regions, using large scale transport-
chemistry models, and inverse methods.

Question 3: What are the covariations between the regional climate effects of aerosols and reactive
gases and the natural greenhouse gas fluxes? For instance, how does the climate cooling induced
by sulfate aerosols downwind of industrialized regions or the exposure to high ozone levels, impacts
forest primary production, which may limit carbon uptake by forests?

Question 4: Can we provide a full uncertainty budget for the biogeochemical components of
Earth System models, and effective ways to reduce these uncertainties by using observations? For
instance, can we reject and improve carbon-climate models of the C4MIP suite, and coupled climate-
atmospheric chemistry models by using satellite observations (e.g. IASI, GOSAT, and forthcoming
GHG space observations), in-situ ocean and terrestrial measurements and ground-based
observations, such as ICOS for greenhouse gases, IAGOS for reactive gases, and EARLINET for
aerosols.

Each question will be addressed by forming a project team, tasked to write a concise and realistic
work plan, combining LabEx resources and resources from existing or forthcoming EU and national
projects, with the goal to deliver research breakthroughs. The criteria for success and evaluation will
be A-ranking publications, attractiveness to PhD and post-docs, and a number of successful projects
created by each team. The emergence of new outstanding questions that may be incorporated in
future steps, will be favored by organizing / contributing to meetings.

WP-2) The predictable part of climate evolution for the next decades considering
anthropogenically induced changes and natural fluctuations

A large component of the recent global warming is now attributed to human activities. Global warming
will continue during the next decades at a rate depending primarily on the anthropogenic emissions
discussed in the previous section. However, the mechanisms and the respective role of internal
variability, of natural or anthropogenic forcings on most aspects of recent climate changes (such as
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sea-ice decrease in the Arctic and precipitation changes in the Sahel) are currently not established.
This lack of understanding limits our ability to predict climate evolution over the next few decades.

For the future, the predictability of regional climate for the next decades to century will primarily
depend on three following points (e.g. Hawkins and Sutton 2009):

1 (1) the response to changes in long-lived greenhouse gases. This response highly depends on
climate feedbacks for all time scales and therefore on how the various processes are represented
in climate models. The emission scenarii will have little influence over the next few decades but a
much larger influence at the end of the century

1 (2) the response to regional changes in aerosols and other short-lived species. Indeed, the
geographical distribution of the associated radiative forcings is very heterogeneous, with strong
forcings often close to densely populated regions

91 the low-frequency modes of natural variability (eg ENSO, Atlantic Meridional Circulation...). This
requires these modes of variability to be well understood and simulated in models in current climate
but also under climate change. For the near future, this also requires to accurately initialize the
model, which requires good quality observations as well as appropriate initialisation techniques for
coupled models.

In view of these major scientific and societal concerns, L-IPSL will focus on three related key

objectives:

1 Quantify and understand the internal and natural variability of climate. Climate varies at all
time scales, from days to hundreds of thousands of years. The frequency and amplitude of these
changes are very variable. They are mostly irregular in time and can be slow or abrupt. They often
involve the various components of the Earth system and complex interactions between them.
Understanding these climate fluctuations, their dependencies on the mean climate state and their
response to external forcings is of prime importance to understand and to anticipate possible future
climate change 1 and how an anthropogenic signal may be superimposed. This is already addressed
within IPSL by considering a wide range of time scales using both model and observations. Under
this L-IPSL labex, a specific effort will be devoted to the study of the last millennium, a period
for which high-temporal (decadal to sub-decadal) climate variations may be reconstructed from various
natural archives (Jones and Mann 2004), and for which some estimates of forcings associated with
solar variations and volcanic eruptions are available (e.g. Muscheler et al. 2007). Understanding the
natural, high-frequency paleoclimate variability will benefit from the recent progress in observations
of the ocean variability (deep corals, molluscs), which give access to the direct recording of multi-
annual to decadal changes. In particular, an important task will be to bring together paleoclimate data
and recent observations in order to better unravel the natural variability of key oceanic features such
as the Atlantic Meridional Overturning Circulations, its relation to mean climate conditions and its
sensitivity to forcings. Another important effort of L-IPSL will be to improve our understanding of the
sun-chemistry-climate interactions and, therefore, of the role of solar activity on climate variability.
Recent and future observations of the solar activity and of stratospheric characteristics as well as
modelling of chemistry-climate interactions will make it possible to identify and quantify the contribution
of different processes.

1 Quantify and understand climate changes due to anthropogenic forcing. The change in
atmospheric composition is the main driver of human-induced climate evolution. The GHG radiative
forcing is positive and determined with a reasonable accuracy. By contrast, aerosol radiative forcing is
subject to a larger uncertainty. During th 20" century, it may have attenuated the GHG warming by
20% to 50% (Forster et al. 2007). This attenuation effect is poorly constrained and raises a first
guestion: how might the aerosols radiative forcing change in the future? Even if the
anthropogenic forcing was perfectly known (a case that could be considered in idealised numerical
experiments), our estimate of the global warming may vary by a factor two (the current dispersion of
climate models) due to radiative feedback uncertainty (Bony et al., 2006). This raises a second key
guestion: what are the mechanisms that primary explain the spread of climate feedbacks? Open
guestions also concern other climate parameters. In the tropics, the precipitation change estimated
by different models varies both in sign and in amplitude, both over oceans and continents: what, then,
are the respective roles of the atmospheric circulation, interactions with the surface (continent or
ocean) or rain processes in these diverging results? How might the monsoons change? Oceanic
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processes and circulation (such as the Atlantic Meridional Overturning Circulation) may also be
affected by global warming, with related questions on how this may modify both the mean climate
conditions and their variability. The possible melting of ice sheets may strongly impact the sea level
and the ocean circulation via fresh water flux (Swingedouw et al., 2007). Many of these questions are
interconnected: the L-IPSL treatment of those issues will first of all rely on the analysis of the
international CMIP5 multi-model database that includes a wide variety of numerical experiments
(such as idealised experiments, future scenarios, 20" century reconstitution, paleoclimate simulations,
and decadal projections). The L-IPSL will play a leading role in a humber of specific projects: radiative
forcing, cloud feedback studies (CFMIP), and paleoclimate modelling (PMIP). Dedicated sensitivity
experiments using the IPSL models, or process-oriented model/data intercomparisons, will receive a
particular attention.

1 Predict and assess climate changes at decadal time scales. Recent, ongoing and future
climate changes result from a complex combination of natural and anthropogenically-induced
variations. Unravelling these two contributions is a difficult challenge but necessary: (i) to identify and
assess mechanisms that drive climate variability and trend and (ii) to increase our confidence in
climate change projections. Addressing these questions requires a joint use of models and
observations, and to consider the coupled Earth system as a whole. L-IPSL will enable us to sustain
the long-term observations performed by IPSL, to reinforce its contributions to international networks,
and to perform dedicated and coupled analyses of observations and model simulations. In particular,
the possibility of forecasting the climate 1-30 years ahead will be tested. For such timescales, climate
models need to be realistically initialized, in particular the low components of the climate system.
Challenges lie in the choice of these observations and in the development of new methodologies of
coupled model initialization.

WP-3) The regional climate implications of global warming

Characterizing the implications of global warming in terms of regional climate changes as experienced
by the human societies is needed to make appropriate adaptation decisions. A major challenge for the
L-IPSL project will be to investigate regional climate processes and their evolutions under climate
warming and to reduce the uncertainties in future projections with a focus on a few key issues:

1 The anticipation of regional changes in rainfall and in the water cycle, which is a prerequisite
for adaptation decisions concerning water resource availability. The L-IPSL project will in particular
develop improved numerical models, focusing on land/atmosphere/ocean/aerosols interaction
processes at global and regional scale, benefiting from the experience that will build up or be
acquired in major regional projects such as AMMA, HyMex and ChArMex;

1 The anticipation of changes in extreme events such as heat and cold waves over Europe,
storms or cyclones (with a focus on the Indian ocean), wind stagnations, droughts and heavy
rainfall. The L-IPSL project will in particular provide a quantification of the evolution of climate
extremes from the few past centuries into the next decades, using statistical analysis of
instrumental and paleoclimate proxy records, re-analyses, and climate projections;

1 The anticipation of changes in the polar Arctic climate, where changes occur at the highest
rate, and in particular where we expect to have stronger signals of climate change for climate
model evaluation: The L-IPSL project will provide an integrative and comprehensive picture of
observed changes through monitoring (sea ice, glaciers, permafrost, ocean circulation, water and
carbon cycles, atmospheric composition), analysis of available observations and coupled climate
modelling.

These challenges will be addressed, in each case, by a process-based approach with questions

specific to each region under study. Over Western Africa and Indian Monsoon regions, the focus

will be to understand the relative role of global coupled climate and regional land-ocean-atmosphere-
aerosols processes and associated feedback loops in driving the changes in precipitation regimes at
intraseasonal to decadal time scales (Janicot et al., 2010). Over the Mediterranean area and Europe,
the focus will be to quantify the interactions between land surface, soil moisture, groundwater fluxes,
sea and atmosphere (including aerosol composition), in order to investigate droughts and heat waves

(Seneviratne et al., 2006). The role of land use changes will also be considered in each case. In the

polar Arctic region, emerging issues concern the interplay between the retreating sea ice, the
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evolution of atmospheric circulation regimes [Houssais et al, 2007; Francis et al., 2009] and the
modification of atmospheric composition. Their interaction with temperature over neighboring
continental areas, their land surface and the hydrological and bio-geochemical processes linked to the
permafrost melting will be studied. As a new challenge, the representation of individual processes
and their interplay in global and regional high resolution models will be evaluated and improved.
Detection of changes in surface climate, dynamical weather regimes, and frequency and amplitude of
extreme events will be carried out through advanced statistical methods. These will use both
observations and reanalyses (benefitting of the framework of the future ERA-CLIM reanalysis),
involving data rescue, reconstruction, and interpretation of historical archives, and high resolution
records of past climate variability from natural climate archives (e.g. drought reconstructed using tree
rings, speleothems, lake sediments).

Finally, the L-IPSL project will use the available and future capacity of observing and monitoring
regional climate changes with fixed sites such as SIRTA (Haeffelin et al., 2005), regional or global
networks (SECAO, CARAUS, ICOS, HYPERARCTIC, FONCE, NAOS) and a mobile observation
platform (SOFRAEX, IAOQS), benefitting from new space missions (Megha-Tropique, EarthCare,
among others). It will also exploit the development of novel approaches of water cycle monitoring
based on water vapour stable isotopes, using new laser technologies for observations and improved
modelling of stable isotopes within the earth system model.

Improved models and new observations will enable regional projections with uncertainty
estimations for the next decades, through the ensemble approach provided by the participation
of the international exercises like CMIP5 or CORDEX.

WP-4) The expected impacts of climate change on natural resources and
environmental changes

The natural environment has been modified by human activities for centuries (deforestation, urban
sprawl, river channelling, wetland drying, overuse of groundwater, overfishing in the coastal zone,
pollution and waste disposal). A crucial question about climate change is to understand and anticipate
its impacts on natural resources, ecosystems, and their services, in the wider context of anthropogenic

stresses. By combining leading expertise in both climate and impact science, L-IPSL will be in a

unique position to diagnose past and ongoing environmental changes, and provide scenarios for the

future. To this end, a large fundamental research effort will be devoted to better characterize the
processes which control the evolution of the environment, by combining observations, tracers, process
studies, and a hierarchy of models developed within the L-IPSL. The upscaling from local to regional
scales will be a key issue to fully benefit from the regional climate projections provided by WP.3,
including major advances on extreme events, and the carbon and water cycles. Future environmental
impacts will then be elaborated by combining the impacts of climate change to the ones of human
activity evolutions (Ducharne et al., 2007), owing to well-established interdisciplinary collaborations
with social sciences and stakeholders (e.g. GIS-Climat, PIREN-Seine, FIRE research federation,

Climate KiC), as well as other Labex projects (ACTE, ODYSSEE, ARCTOS). In this framework, we will

focus our efforts on four specific challenges:

1 Impact of climate change and anthropogenic drivers on water resources. With a growing
population, water resources (surface and ground water, including both quantitative and qualitative
aspects) are largely under stress, especially in vulnerable regions such as Sub-Saharan Africa
(Roudier et al.,, 2010), the Mediterranean surroundings, or South-East Asia. Anthropogenic
influences (withdrawals, damming, etc.) also hinder climate change detection and attribution (Piao
et al.,, 2007). To separate these effects, L-IPSL will develop new approaches combining
geochemical tracers, geophysical tools, and an array of models developed for different scales,
with important applications regarding ground water (renewal rate, overexploitation, salinization).
This framework will also support the improvement of ground water and river discharge
representation in the models of the L-IPSL. Owing to these conjugated actions, L-IPSL will be
better armed to address past and future changes in water resources and hydrological extremes
(floods and droughts), from the local to the global scales, and to explore adaptation options
between different uses (irrigation, drinking water, navigation, industries, habitat for aquatic species,
etc.).
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Impact of climate change on biogeochemical fluxes and ecosystems along the land-ocean
continuum. Ecosystem functioning and their related services (carbon, contaminants and nutrient
control; water quality; food production; green-house gas control) are very sensitive to climate. In
the aquatic continuum from the upper watersheds to the estuarine/delta interface with the ocean,
the changes in rain pattern and intensity, and the frequency of extreme events (heat waves,
freezing, drought, floods, etc.) are the main drivers of erosion and leaching, and of material
transfer, retention and transformations. In the open ocean, acidification and changes in ocean
circulation and stratification could provoke important changes on marine ecosystems, their
productivity and fluxes. A challenge will be to extend the specialized models of the L-IPSL
(e.g. Garnier et al.,, 2010) to the global scale, and to extend the ocean modelling to critical
segments of the trophic chain. These developments will be supported by combination of in situ
observations, process studies with new tracers to assess models. They will largely rely on the
Equipex PACEC and SeineARIO, and on collaborations with the Labex ODYSSEE. Retrospective
analysis of human and climatic impacts on aquatic ecosystems will be carried out over the last
centuries. It will serve as a valuable validation of the proposed approaches and as an essential
reference to assess future changes.

Impact of climate change on energy resources and infrastructures. Local climate is a key
factor for renewable energies (wind power, solar energy, hydro-electricity, bio-fuels) and an
important limiting factor for non-renewable ones (plant cooling, efficiency of geological storage
options for CO, and radwastes). Extreme events (storms, floods, droughts, hot spells) are also
crucial to the vulnerability of infrastructures, as well as permafrost melting in Arctic areas. The L-
IPSL will offer a significant contribution to this emerging research field by providing
comprehensive diagnostics, with likelihood/uncertainty assessment, of climate change
impacts on the energy sector, using global and regional projections from the IPSL models and
retrospective analyses (Vautard et al., 2010). These diagnoses will then be used to develop
adaptation and mitigation strategies in relation with IEED CLAIRE.

Impact of climate change on sources of regional and global air pollution. Climate change has
an impact on air pollution through a variety of processes: changes in atmospheric chemistry,
aerosol formation, changes in transport and dispersion, stratosphere-troposphere exchanges, and
changes in biogenic (vegetation) and natural sources (dust, fires). Air quality is also changing due
to evolution in anthropogenic emissions, linked to population growth/wealth as well as to energy
use patterns. Biogenic emissions are also impacted by land-use change and practices (Coll et al.,
2009). In return, such emissions depend on human activities influenced by climate. Current
knowledge of emissions has large uncertainties. In order to improve regional and global evolution
of air quality, the L-IPSL will focus researches on sub-grid scale variability and a better
understanding of possible feedbacks between atmospheric concentrations and emissions.
Better flux estimates (spatially at the regional and global scales, and temporally on annual,
seasonal, daily and hourly time scales) with associated uncertainties will improve results on trends
analysis and scenarios for the future. Emissions for gases and aerosols, which depend on
dynamic vegetation, land-use change and climate model variables, need to be developed.
The provision of emissions at ever increasing spatial and temporal scales requires efficient
database structures with interactive processing which build and extend existing capabilities
developed at national, European and international level.

WP-5) The risks of abrupt unpredictable climate evolutions

In the previous sections, we have made the implicit assumption that the behavior of the climate system

would remain rather regular, and that the anthropogenic component would linearly add up to natural

climate variability, e.g. that is strength would be dimensioned by the future evolution of the radiative

forcing. But a more complex behavior is possible. Past climate archives have documented many
dramatic changes and bifurcations, occurring sometimes in less than a few decades, which clearly
attest the nonlinear nature of the Earth's climate system and the existence of multiple equilibria and
tipping points, that determine the risk of abrupt transitions (Rial et al., 2004; Lenton et al., 2008).

Reaching such tipping points may occur within the current century, possibly triggering yet
unpredictable, rapid evolutions of the climate system. Potential mechanisms are related to ocean
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circulation changes, ice sheet instability, carbon storage and CH4 release from permafrost, major
changes in the water cycle with increasing desertification and modifications of the biosphere (as may
have happened over the Sahara 5,000 years ago. Those potential drivers can be illustrated, here, by
one example, that of the dramatic swings, which involved changes in the North Atlantic oceanic
circulation. These changes result from the extreme sensitivity of this ocean to the fresh water budget,
and from its additional capacity to trigger potential positive feedbacks (clathrate destabilization,
change in planetary albedo).

The perspective of such dramatic evolutions has raised a large amount of public concern, and the role
of L-IPSL will be to document the conditions in which they may occur by tackling two major questions:

1 (i) What are the potential mechanisms for abrupt changes?
9 (ii) How can we determine that we are nearing the conditions in which this may happen?

To answer those questions, past climates, and climates of other planets provide important references
to investigate the relevant mechanisms, and quantify positive and negative feedbacks. They make it
possible to address thresholds and tipping points with special focus on ice sheet instability under
warming conditions, ocean circulation reorganization under variable fresh water fluxes, carbon release
from permafrost and biosphere, volcanic eruption frequency and punctuated cooling associated to
aerosols. Based on this knowledge, enhancing our capacity to predict future climate bifurcations will
require to better integrate feedbacks and nonlinearities in climate models (i.e. more accurate ice-
models) and conduct data-model comparisons as well as detailed inter-comparison of model outputs
(PMIPT like approach).

The needed large-scale research efforts exceed the frame of L-IPSL, and are subject to numerous
international research efforts in which we participate. At the L-IPSL scale, however, we gather a
unique force of expertise to advance very significantly our knowledge by focusing on a few scenarios,
which carries a greatest likelihood of causing abrupt climate changes during the next century:

1 (i) Abrupt cooling situations during interglacial conditions (for example, the 8.2 ka BP event, or the
Younger Dryas), which give indications on the possible future disturbance of the Atlantic circulation;

1 (ii) Abrupt warming situations during glacial conditions, which tell us about the processes, which
may potentially affect the polar ice sheets;

T (iii) Rapid variability during past interglacials warmer than the present day (e.g. MIS 11, polar
climate during the last interglacial), which may constitute a partial analogue to the situation of the
next decades.

One objective is to improve -the acquisition of paleoclimatic information Tespecially obtain high
resolution information (the need of high resolution information was explicitely stated in the last IPCC
report) and use this paleo-information into transient, long climate simulations in an attempt to
benchmark climate models against transient sequences of events, on time scales which are relevant
for future climate risks (e.g. centuries). The IPSL model is considered a state of art model in climate
science, but its capacity to generate realistic climate swings has not been fully assessed. It will be
improved by a better integration of key non ilinear processes (ice dynamics, snow representation,
carbon cycle in the atmosphere, the continents and the oceans, ocean deep water formation).

This allow for exploring the potential climate bifurcations that might occur at the century scale.
Achieving this objective will only be possible though the integration of the L-IPSL obervationnal and
instrumental capacity. A strong partnership already exists between L-IPSL members and recent
successful or planned initiatives (SESAME-ALYSES platform, ERC-ICEPROXY, MC-ICPS, PACEC
equipex project) allow for the creation of a state of the art analytical platform.

This joint effort will favour a dramatic improvement (in number, quality and type) of key climate
parameters paleo-reconstructions through a better understanding of signal acquisition, and the
developpement/improvement of new proxies (ocean circulation, sea ice, precipitation, winds).

This state of the art equipment will also allow for the development of chronologically well-constrained
(radio-, magneto- and tephro-dating) multi-variate database to reconstruct high-temporal resolution,
transient sequences of events.
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This capacity to reconstruct past climates (or climate of other planets) constitutes an outstanding
feature of the IPSL federation and will warrant that L-IPSL will use original high quality observational
information to evaluate the possible occurrence of rapid climate fluctuations during the next century

Transverse work packages (TWPs)

TWP-1) Numerical modelling of the climate system

The ability to better understand and to anticipate the modifications of climate on decadal timescales
and beyond depends for a large part on major developments and improvements of the predictive
capabilities of climate models. In the absence of established analogues of GHG-driven climate
change, numerical modelling based on a physically-based representation of the key processes and
components that govern the dynamics of the climate system is increasingly recognized as the most
valuable approach to anticipate the future climate changes, at both global and regional scales, and to
improve the predictive capabilities of climate models. IPSL is currently one of about ten climate
modelling centres in the world that develop Earth System Models (ESM), and has a leading position in
many of these aspects (such as ocean modelling, carbon-climate coupling and cloud feedback
studies).

The L-IPSL project will address the following key issues, in order to improve and develop more
comprehensive climate models.

1 Improving the representation of physical processes and their couplings: The inclusion of new
interconnected components (carbon cycle, chemistry and aerosols) into climate models and the
need of more reliable regional climate-change projections require improved representations of the
basic physical processes, both in the atmospheric and oceanic circulation models of ESMs. For
instance, precipitation is an essential characteristic of a regional climate and is critical for the
coupling with other components and for water resources. However, precipitation is currently not
well simulated in climate models (Hourdin et al. 2010). Therefore, special effort will be made to
improve the representation of cloud-convection-turbulent processes in the IPSL climate
model (Marti et al., 2010) based on the development of new parameterizations (Rio et al., 2009,
Grandpeix et al, 2010). Attention will be paid to the representation of the radiative effects of
climate-forcing compounds (e.g. aerosol direct and indirect effects). This will be accompanied by
an improvement of land-surface representations (vegetation, subsurface hydrology, snow...)
and the generalised inclusion of water stable isotopes in the models as a powerful tool for process
and climate evaluation. IPSL is also at the origin of the NEMO consortium that develops the ocean
model currently used in many international climate models. The improvement of key oceanic
processes (coastal upwelling, vertical mixing at high latitudes) and of the fast coupling with the
atmosphere (cyclones, diurnal cycle) will also be a major step forward in the realism of the coupled-
climate model. Another step towards a finer representation of physical processes at regional scales
is the development of regional coupled models at higher resolution (up to a few kilometres
over zoomed areas). It should improve our understanding of scale interactions and the reliability of
the projected potential impacts of climate change at regional scales.

1 Improving the representation of biogeochemistry processes and their coupling with
physical processes: To account for the potential feedback between biogeochemical cycles and
climate, new components (carbon cycle, chemistry and aerosols) have been included in Earth
system models. They are developed and assessed separately or in less interactive configurations
in order to identify the processes directly influencing climate but also to improve the understanding
of biogeochemical cycles or the radiative effect of each climate forcing agent. Hence, to better
represent the ability of natural sinks to absorb anthropogenic CO,, key processes will be
included/improved (land-vegetation phenology, phytoplankton physiology, carbon-nitrogen cycle
interactions) in the terrestrial and oceanic carbon cycle models. Beyond CO,, other climate
forcing agents (aerosols, methane, ozone, N,O é )will have to be more explicitly represented,
which requires both interactive atmospheric chemistry and representation of biospheric fluxes
(oceanic DMS or VOC production as well as methane production by anaerobic soil respiration).
These developments will not only lead to a better climate-sensitivity quantification but also to the
understanding of the environmental vulnerability to climate change. Hence issues such as the
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impact of oceanic acidification on marine ecosystems, air pollution and its subsequent health
impact, and agricultural vulnerability or adaptation will be investigated thanks to these components.
1 Developing new algorithms and models to take advantage of new computer performance:
Increased computer power in the next years is expected to come from new architectures and an
increased number of CPUs. A major effort willbe madeinr ewr i t i ng t he 0 dofthea mi c al |
atmospheric and oceanic models, using new approaches (e . g . finite volume on
ii cosahedr adevelgping hewdtpols far the Inputs-Outputs and model infrastructures.
The increased power will enable increased model complexity, resolution, and the number or length
of the simulations. The development of high-resolution models will be of direct interest for many
climate uses but also to answer important questions of geophysical fluid dynamics both on Earth
and on other planets: the role of frontogenesis in the general circulation, dynamics of super-rotating
atmospheres (Venus, Titan) and giant planets.

TWP-2) Strategy for observational studies: instrumentation, analyses, dissemination

The work packages 1 to 5 defined above mostly rely on a combination of model and observational
studies. IPSL has a strong potential for research concerning Earth observation (about 60 researchers
and 50 support staffs). The instrumental and observation strategy of L-IPSL relies on this capability.

The main evolution within the next 10 years will be to handle the interdisciplinary dimension of
environmental research with partners in hydrology, ecosystems, medicine, and economics.

This will require new observations and measurements, taking advantage of next-generation
sensors and improved laboratory analytical capacities, and therefore of an important R&D
programme, including: prototype instrument development and realisation, the calibration of
instruments or sensors, which will likely demand acquisition or calculation of new molecular
spectroscopic data, and development of data processing methods (retrieval, algorithms), and the
development of utilization methods. These progress will benefit from the various EquipEx proposed by
the L-IPSL laboratories such as GHG-Scope, SOFRAEX. The L-IPSL priorities will help coordinate
these efforts and distribute them over different types of vehicles or analytical platforms
(ground-based instruments, balloon and airborne sensors, autonomous ocean systems, space
observations, platforms in the laboratories). For example, the result of WP-1 may be that the
determination of surface carbon fluxes imperatively requires the measurement of CO2 with a precision
of a few ppmv, requiring in turn the improvement of the capacity of instruments on board satellite
missions like IASI/MetOp, or lidar, instruments or laser diode sensors. On the other hand,to achieve
such precision, observation of CO2 required unprecedented challenges on the quality of the
underlying spectroscopic data. Similarly, future high precision molecular spectroscopic data on water
vapor and ozone isotopes are prerequisites to realize novel approaches of global monitoring of cycles.
Instrumental development, observations and data analysis must thus be accompanied by the next
generation of experimental and theoretical molecular studies in the laboratory.

The L-IPSL project will also require some enhanced analysis capacity to improve the synergy
between models, and models and data, in a few areas:

1 New strategies for observation and analysis of multi-parameters series. The synergy between
a long series of parameters observed through different sensors is the key to the development of
application-oriented studies. The challenge is multiple: there is first a need to define and optimise in
situ networks, link them together on specific sites, and define the nodes between several
complementary networks. This type of synergy has been developed through the ongoing European
GEOMON project and will continue, for example, with the project SOFRAEX or GHCi Scope
recently proposed in the framework of the EquipEx. In the Tropical area (focus on West Africa, the
Indian ocean and South America), active collaborations will allow for studying the water cycle
including in situ and satellite (SMOS) clouds and water vapour from a variety of means (lidar
techniques, laser diode for isotopic composition, satellite observation with Megha-Tropique) to
better analyze the variability mechanisms and feedbacks from the surface. The in situ data or
aircrafts/balloons observations will also be used to validate space-borne instruments and to
diagnose model deficiencies using observation simulators.
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1 Long-term in situ and satellite observations on a decadal scale. The new availability of these
time series also brings new scientific opportunities and associated challenges. The continuity of the
measurements is necessary to ensure a significant estimate of inter-annual changes and the
detection of an anthropogenic component, with a considerable effort to determine the data series
on a global scale through the adjustment of successive sensors following international standards
(GEO/WMO), or to use the complementarities and synergies between satellite and in situ
observations. This corresponds to work that is carried out at the international level, with the
participation of IPSL laboratories, for example for clouds (ISCCP/GEWEX), ozone and temperature
in the stratosphere (SPARC), and ocean (CLIVAR/IMBER). Although the existence of this work is a
prerequisite for the L-IPSL project, the LabEx contribution will be more methodological, and will
deal with analysis methods to extract significant climate change information from these time series.
Such coupling will be performed using SMOS/ALTIKA-JASON missions together with SSS/Coriolis
networks, CO2/CHG monitoring from the OCO, GOSAT, then Merlin, MICROCARB missions
together with ICOS, Calipso / Earthcare, Megha-Tropiques / GPM missions on clouds and water
cycle, together with SIRTA, and the projected SECAO network.

1 Long term observations of natural climatic variability and environmental changes. Climate
variability requires to place the short instrumental period into the broader perspective offered by the
evidence of past natural climatic and environmental changes and to learn from changes observed
in the past to better understand and model the present processes. New scientific questions
regarding pressures on our present environment, ecosystems and societies necessitates the
development of new scientific strategies to better understand the sensitivity to climate of
continental hydrology, environmental transfers and processes on land and in the ocean, These
challenges require the building of a beyond state-of-the-art analytical capacity, which is proposed in
the framework of the EquipEx PACEC and the ALISES platform: multiple elemental and isotopic
proxies, higher accuracy measurements, high resolution temporal and spatial analysis, new tracers
and archives, improved calibration, in the perspective of better integration between data and
models.

Intensive observation campaigns are the only way to accurately document specific events or
processes. The L-IPSL project will focus its activity on a small number of national and international
campaigns:

1 The lle-de-France area, which is appropriate for hydrological and air-quality studies based on the
OASIS (UPEC) and QUALAIR (UPMC) platform complementing the SIRTA, in addition to the
Piren-Seine hydrologic observing sites.

1 The Mediterranean area, a key area to test emerging regional Earth System Models
(HYMEX/CHARMEX/MERMEX).

I The Arctic area, where the climate-change signal is the stronger and the most rapidly increasing.
Several field activities will be planned through the INSU Arctic programme within the next 5 to 10
years (Siberia, North Canada, Svalbard, North Pole). These campaigns will benefit from the
proposed instrumental systems (EquipEx IAOOS, ANR OPTIMISM) and will include
paleoclimatological activities (permafrost, ice sheet, sea ice).

One of the other challenges consists in developing added-value products through well

documented, interoperable databases, but remaining independent to preserve their specificities as

suggest through the GEOSS/GMES strategy. IPSL has the capability to actively contribute to this
strategy, in interaction with the other French laboratories involved in each research field (e.g. the

SECAO network for West Africa, which should combine climate / hydrology measurements with

society-oriented products on resources) and through the national thematic poles (particularly ETHER,

ICARE in which IPSL is strongly involved). Another promising issue will concern the Earth-sun

relationship with, as the core mission PICARD. Database documentation and organisation will benefit

from our partnerships within the GIS climate members coming from different communities.

TWP-3) Assessment of uncertainty in climate diagnostics and projections

The analysis of climate evolution, the detection and attribution of observed changes and the
characterization of projected future changes are required for a rapidly growing number of applications.
Some are associated with new scientific needs, at the interface between climatology and research
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areas such as ecology, economy, epidemiology; some others correspond to more applied needs for
expertise, from private or public actors going from citizens to large companies, concerning primarily
mitigation and adaptation policies at the international, national and regional levels. This increase of
climate information use gives to climate science a new responsibility and therefore necessitates
strengthened strategies and methodologies for assessing the uncertainties associated to
diagnostics and projections. However, despite recent advances, this issue still requires specific
research activity to properly discuss the different level of uncertainties and how they affect the results
for different applications. Progresses in this direction are therefore needed to provide user relevant
climate information and the associated expertise (see also section 5.2.2 below).

The aim of TWP-3 is:

1 To develop research on assessing uncertainties of climate information for impact studies,

1 To build up the expertise required for an effective use of modelled or observed
meteorological and climate products and their uncertainties for various applications.

In the first case, research will benefit from the development of ensemble approaches and of statistical

methods, such as the one promoted in the EU-ENSEMBLES project, to analyse the cascade of

uncertainties from the large scale to the more regional of local scale of interest for the impact studies,

In the second case, the expertise will be based on interdisciplinary projects, and the questions will be

identified and addressed in a very tight discussion

particul ar f r oantiumh bneClinfiafed Ensy i Conment and Societyo, as

projects such as the RExHySS, the GICC-DRIAS, ANR-SECIF or IS-ENES projects., where periodical

workshops involved scientists and a wide array of concerned stake-holders.

This is a transverse activity in many ways. First the uncertainties arise from a sequence of processes
treated in different WPs of this proposal: evolution of the atmospheric composition (WP-1), climate
response to this forcing (WP-2 and WP-5), regional signature of global changes (WP-3) impact on
resources (WP-4). Assessing uncertainties of climate projections also involves comparisons of the full
Earth System Model results (TWP-1) with observations of the real world (TWP-2).

Develop methodologies to assess the uncertainties of climate diagnostics and projections

A first objective is to make use of scientific expertise developed in the different WP to improve the
characterisation of model skill and the understanding of model uncertainties. This need to be
grounded on model evaluation and requires making use of a wide range of observations and a
diversity of methods: process-oriented multi-parameter verification, simulators of observing systems
from model results. It also often requires an ensemble approach and comparisons of statistics such as
mean, variability, PDFs etc.. usually requiring a ensemble simulations, where the climate model is run
with a set of different initial conditions. In the L-IPSL project, observations will be systematically
compared to a hierarchy of configurations of the IPSL climate model. Sensitivity experiments with
different model configurations will be uses to understand the impact of model biases on the
simulations of climate variability and trends. One may use for example climate reconstructions using
the atmospheric model forced by observed sea surface temperature (which may be de-trended, or
reduced to their trends) and by different specifications of atmospheric composition (constant or
evolving), with or without nudging of the atmospheric large s cal e dynamics by dAreanal
atmosphere-ocean models with or without modification of the atmospheric composition, etc. The same
approach may be used for other components of the climate system and the comparison of these
ensembles of results with observations of the last decades will be used to asses the
representation of both climate change trends and natural decadal variability, and to identify the
main elements of confidence and sources of uncertainties in this complex system. Simulations
of past climate conditions and comparisons with paleoclimatic data will also be carried out to test the
robustness of the climate model skill to large changes in forcing. Evaluation will also involve the
development and use of complex statistical methods to establish for instance the geographical
patterns of natural variability and long-term changes, or the occurrence of rare events. Uncertainties in
our knowledge will also be assessed using model ensemble approaches, within the framework ofl
European and international projects to which L-IPSL will be associated. As an output of these
researches, a wide range of diagnostics concerning model performance and model relevance will be
produced and distributed. This will be based both on qualitative expertise (based on the level of
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understanding of the different processes, as emphasized by the recent inter-academic report on the
IPCC) and on more quantitative approaches using a basket of different metrics, with specific process-
oriented analyses of model performances.

Impact-oriented climate model assessments

Depending on the nature of the impact studies, the importance of spatial scales and temporal
variability can be completely different (seasonality, extremes, inter-annual or inter-decadal variations).
In most cases, it is not clear to know a priori which will be the most constraining factor in the future
evolution, or which is the particular combination of climate indicators or variables which will have an
impact. In TWP3, we will promote the development of integrated evaluation approaches, in which
impact models (crop, water resources,...) interfaced with climate model outputs (either directly,
or through ad hoc filtering or index computation) will be used to assess the climate model
results. The methodology will also be verified using reconstructions of the climate of the last decades
from historical data, Exploring these questions and defining and assessing the best way to interface
climate outputs with impact models in turn brings new insight and questioning on what climate
numerical models can provide, new orientations for model improvements, new need for dedicated
observation or observational strategy. For instance, the description of subgrid scale variability, which is
often at the basis of climate model so-called fipar ameteri zati onso, i s
climate scenarios outputs, whereas it could be of great interest for some impact studies. This is for
instance the case of the subgrid scale cloud or rainfall distribution, which is currently used for model
evaluation and comparison with satellite data but not for impact studies. Such approaches will be
developped in the context of international projects (CMIP, CORDEX), and the corresponding expertise
will be transferred to users

The bibliography of Chapter 5.2.1 is given in Chapter 7.1
5.2.2 EXPLOITATION OF RESUL TS, TRANSFER AND EXPERTI SE
Innovation and transfer of knowledge from the L-IPSL project

Strategic positioning

With the growing concern about climate evolution, a considerable interest for climate science has
developed during the last decade. Climate research teams i and in particular IPSL T have built
scientific knowledge and technical tools that give them the capacity to address some of these issues.
This knowledge is at the cutting edge of science, and is progressing rapidly. It also carries major
uncertainties, reflecting still inadequate knowledge of the earth system. A stronger and more
integrated link between climate science and society is therefore required. This situation stirs a large
demand for transfer and innovation. For example, climate change and air pollution issues are strongly
connected, with European directives bringing new regulations, such as the National Emission Ceiling
directive, and requiring adequate monitoring. At the national scale, the recent definition of regional and
territori al plans in the French AGrenelle 20
effects in the long term.

This interaction between science and society constitutes a new mission of institutes such as the L-
IPSL, and at the level of the Paris or French levels, the LabEx synergy is absolutely necessary to
address these challenges. Nothing can be done without the expertise of the major research
laboratories in the field, but the task is enormous and even a research institute of the L-IPSL scale
cannot handle it alone. The L-IPSL will need to design an adequate strategy to spread climate
knowledge, and the associated tools and services, in which (1) it makes sure that its evolving
expertise and the associated uncertainties and limitations, are fully taken into account, but also that (2)
dedicated new structures are set up to provide the necessary help to confront a huge demand which is
well beyond the capacity of L-IPSL alone.

In what follows we first give general indications on the L-IPSL potential (e.g. the areas in which it has
the capacity to transfer knowledge and technology) and on the structural means and association
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