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This documentlescribeghe mid andlong-term strategy and objectives of the LABEX
program, summarizes the currestarter actions the methodology, anddescribes

researchjnnovation and expertise transfer and educatjnopositions for the mid
term. It is an update of the 2012 action plan



This document follows the same structure as the 2012 Action Rlaontains however a number of new
elements and modifications, summarized below

Research

1 The document now includes longerm directions (Section 2.2) as sugded by the scientific
committee

1 The initial program of actions is now closed (202013). For each selected action, a summary of
what was done is now included in Appendix A

1 Projects in the midterm program took longer tharexpected to start, mainly dued our wish to
have welldefined postdoc profilesand candidate selection procesdlost postdocs are now
either just hired or will be hired before the end of 2013 hese profiles are included as Appendix
B. An update of proposed action can be found in the WP description Seci@) in particular
when a project was funded and started

9 Previous section 2.4 was removed as it was mainly necessary in the initial construction stage.

1 Theresearchbudget is updatednew Section 2.4and contains new funded actions

1 New projects with LABEMER are proposed, as suggested by the scientific committee

Innovation and transfer

An update of innovation and transfer plans is providiéaontains in particular a more accurate of climate
service actions and the first version of the strategic ptarcfimate services atIPSL in AppernxiiC.

Education

An update of innovation and transfer plans is provided
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1. Elements of context , objectives

1.1 Elements of context

Thel-IPSL LABEXa climate change program hostedthe IPSL federatiorThe IPSL federation gathers 6
laboratories in the Pasiarex (LATMOS, LISA, LMDCEAN, LSCPMAA). The-IPSL project isarried out
in partnership with two other laboratories (IBEand SISYPHE).

TheprojectF & A G 6+ a I LIINR PSR 0@ ,kak3ntedinkegddneasionsa a SYSy i a

(a) A project to accelerateresearch in a few gections which are key to improve our assessment of
future climate changdbut reversely do not enompass the totality of the IPSL research)

(b) A project to enhance educational actions on climate change

(c) A project to fava transfer innovative activities from the IPSL to external partiseincluding emerging
companies

Although their aims differthere isof course a necessity to maintain a strongsistency between those
actions This document describes mostly the projectegearch agenda of theABEXThe inteactions
between this research agenda and the educaticaralinnovationactivities are alsonderlined.

The program started in Segtmber 2011.The initial proposal described generallongterm vision of the

LABEXut no implementation planAlong the first few months methodologyto design that planvas

discussedThe agenda of the LABEX wasnttstructured into 3 phaseas illustrated below(see Figure 1
belowy.

9 aninitial phase (2011 ¢ mid 2012)where three programswere proposed in order to (i) invite
foreign scientists to start working on key issues (ii) initiate or develop collaborationswan
IPSL and the two new laboratories , and (iii) strengthen IPSL infrastructures (modeling and data
bases)which are requiredfor the future LABEX work,

1 amidterm phase fid 2012¢ mid 2014) whereresearch projects will be developed,

1 alongterm phase(mid 2014¢ 2021) where the initial vision will be further developed
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Initial programs Mid term
Long term
Phase 1
Phase 2
Phase 3

Construction Action plan phase 2 + prospective phase 3.

*Jan 2012: Proposition initial programs

*Jan-May 2012 Meetings to build the action plan

*June 2012: Proposition of Action Plan — general assembly to take place

Figure 1 Phases of the LABEX program

1.2 Objectives of this document

The initial phase is now finished and the redm phase has started. This document is therefore an update
of the 2012 action plan. It contains a report for the initial phase actions and a consolidated view of the mid
term plan, including new projects starting by the end of 2013.

The objectives are therefore

1 to recallthe main longterm issues, bjectives of theLABEX program

1 to summarize the actions decided in the initial phasaad to report them

1 to summarize thecomplete researchwork that is intended in the midterm perspective to fulfill
the LABEX main objectives

9 to identify specific and burning issues wheeefocued LABEX effort will beleveloped duringthe
mid-term phaseand propose concrete research wark

9 to propose longefterm issues that should be addressed by the LABEX program,

9 to propose targeted training, innovation and transfer of expertise actions

1.3 General objectives of the LABEX as described in the proposal

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

V6-04/10/2013 8



is unequivocal and will amplify in the coming ddes due to the increase in atmospheric concentrations of
longlived 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 at a rap
increase in our understanding of the climate system and our capacity to predict its evolution with the
largest possible accura@n relevant space and time scaléhe LABEX program is designed to provide
improved climate understanding and tools, as hed educationactionsand a strategy for transfer of
expertise and innovation based on the skill and tools of the laboratories partners of the LABEX.

For the research program, the LABEX project ainaddressinghe followingkey (broad) questions

(1) Hbw far can weobustlyanticipate the future evolution of the atmospheric composition, which depends
on a very large number of factors including seeomnomic drivers?

(2) How can we determine whatastuallypredictable in terms of future climate evdian, in a system that
combines anthropogenicalgnd other externallynduced changes and natural fluctuations?

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

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

6puv 126 OFy 6S |aasSaa GKS LI (5dZNIONK & SaveLd OKF 2 FY d2y/ |
rapid nonlinear behaviour of Earth System components?

Research is structures thematic andmethodologicalwork packageshat addressthese questions, and
rely on existing IPShbfrastructures (modeling, observing strategies) amtl benefit from methodological
devdopments for uncertainty estintaon.

The LABEX will also develop an important innovation and expertise transfer program, especially in the
domains of innovative insimentation, modeling and toward the development of climate services.

The LABEX will also bridge training and education with the rapidly developing climate science.

1.4 Governance, in a nutshell

The LABEX program is steered by an institutional steerifgYeh 0 G SS 0 GKS GiGdziStf Sa
advisory committee which evaluates the program and the strategy. The Direction Committee (CD IPSL)
gathers the direction of IPSL, and the managing directors of the partner laboratories. It nominates the
members of tle internal committees (research, innovation and education), proposing the action plans and

are responsible of the LABEX evolution operational management.

V6-04/10/2013 9



Organization
IPSL federation + IDES + SISYPHE

ocientific Advisory
council forIPSL | r[ CD IPSL }q .................. ’Tute"es |F|SL|
Evaluate Propose actions] MNominates CR
LABEX project

Committees (Research,
Innovation, Education)

The enlarged IPSL direction committee (CD) is the e{h}
operational managing body aplace

Schematic picture of the LABEX organization

1.5 Steps

For research during fall 2011several discussions took pla@ to how to conduct the LABEXsearch
projects and where effort should be put for a higher efficien€yom the analysis of the ambitions, as
compared to limited funding and the size of the research comityunvolved (aboutlO00 staff),the first
conclusion washat the programwould benefit from a largescale participatiorof staff within concerned
laboratories, in order to gxoit the strength of already organized expertise and to initiate collaborative
actions where the@mmunityisless structuregdseeking to fund seeding projects

The steps followed by theABE)XResearch Committe® construct a mid and long term action plamhich
includesthe WP leaders, were then:

a series of IPSL meetings for general informatamd discussiorabout the LABEX program

a 2-day synthesicommittee seminar(19/20 march2012 to design the midterm action plan

the writing of the initial (2012)mid/long term action plan in June 2012

a series of monthly or bmonthly meetings duringfall/winter 2012-2013 in order to follow initiated
actions and to discuss new ideas

= =4 =4 =4
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1 the writing of the updated action plan (2013)

Themethod used is the progressive construction of the progtaynthe research committee, interacting
with the LABEX teams, émot a series of project calls

For educationand innovation an education committee antivo innovation committes (instrumentation
and climate servicedj)ave been set up andefined a strategy and proposed the first LABEX actions

1.6 Long-term aims of the L-IPSL

The LABEX project has an important specificity compared to classical projects: it rua® pears, which
enables to define longerm goals. After the first phase, a number of goals have been identified, which must
be progressively updated and specified along the first yéarsummary these goals are:

T

to strengthen and further develop the rese& community in the llee-Franceworking on climate
changearea by developing coordinated actions and furthesharing andmutualizing research
tools and data; this will be achieved by fostering coordinated actions on observation and
simulation data basesnd portals and ways for a better synergetic use of such data; this will also
be achieved by developing larggcale research projects usinbdse data

to develop a modeling capacity simulate and predict climate atspatial scalend with processes

allowing impact assessments and adaptation strategibss will be achieved bydeveloping new

model versions of the IPSL model adapted to the higerformance computing powefnew grids
suchasFAYAGS @2fdzyS 2y a0Odz S aneddibiidBcal cored, Méwdobl® 2 & | K
for i/o), as well as further developing integritn of improved physical and biogeochemical
processes (C, N and other cycles, aerosols, clouds and convection);

todevelopl Yy GaAYRAOIFG2NJ T OG0 2NEE Re@beyisedifolBripact stidfies Y2 RS
and more generally for climate services systematic methodology will be set up by examining

impact needs (from existing and new projectsprodudng the indicators starting from global

climate projections and dowscaling theg projections, evaluating these indicators and their
uncertainties, and applying impact models in a few selected sectors where LABEX teams have
projects using such models;

to ease thedevelopnment of new instruments and observation strategies for climatenioring of
essential climate variableshis includes for instance the development of new lidars measuring
both the content of water vapor and aerosols in the atmosphere, or a coordinated strategy on
stable water isotopes monitoring; other new observirgjrategies will also be designed:;

to further improve the model / observations integration by improving the capacity of comparing
observations and simulationson the observation side, this will be achieved by formatting data
bases and defining new products better adapted for model comparison, and by studying new

V6-04/10 /2013 11



processes during field studies. New products in models and simulation data, for instance the
develogment and integration of the stable water isotope evolution modules in all compartments
will be included in the coupled model;

9 to build education bridges between the continuously evolviegearch proposed by the labethe
multi-actor highereducation sygem, and the increasing demand of knowledge from various
sectors of the society about the climate issues.

V6-04/10 /2013 12



2. Research activities

2.1 Summary of actions proposed for the initial phase

In the initial phase, the LABEX research program focused on attiansouldboth be developed rapidly
and satisfy the objectives of the LABEX. Thypes of actions were proposed, on the basis of responses to

an internal call. These actions are summarized bebowd reports can be found Appendix A

A Invitation of foreign scientissto L-IPSL laboratdesfor a short period of time

Estimated
Host Duration | budget
Laloratory | Name Project Affiliation (months) | (keuros)
Andrew Mesoscale and Microsca
LATMOS | Heymsfield| Ice cloud study Meteorology Division, NCA 3 15
Coupling betweer
aerosols, oceani Department of
Amato and atmospheri¢ Environmental  Sciences
Evan dynamics University of Virginia 6 38
Atmospheric Science a
Global Change Divisio
Jerome ClimateChemistry | Pacific NorthwestNational
Fast Interactions Laboratory 3 15
Yale School of Forestry a
Peter Carbon transfer if Environmental Studies
LSCE Raymond |rivers Connecticut, USA 1,5 9
Hema ) . .
Evolution of palee| Anna University, Chenng
Achyuthan | monsoons Inde 3 15
Steve Lunar and Planetar
IDES Clifford Permafrost studieg Institute, Houston, TX 2 10

112
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A Projects integrating IPSL laboratories with one of thew LABEX partnef@DES
and SISYPHE)

Estimated

Laboratory | Support proposition budget (keuros)
IDESLSCE | Cofunding d shared analytic platform facility IDESCE 35
IDESLSCE| PERGELENA: Study of a Talik under climate change 5

GRPO: concept study of a radar for soil wate
SISYPHE | measurement 10
SISYPHE |CHARM: Evaluation of the new ORCHIDEE versi
LMD climate change conditions 17
SISYPHE |HYDREGRACLE: impacts of CC and LU change
LMD-LSCE | ORCHIDEE 13
Total 80

A Infrastructureresources for the development of the LABEXVP1 & TWP2)

Estimated
TWP Proposition budget (keuros)
TWP1 Cofunding of data storage for CMIP5 10
Fundingof 6 month engieer forCMIP5data basesupport 25
Public access of articles describing the hr8tlel 2
Support to workshop CFMIP 3
TWP2 Construction of leveB observation data base thin ESPRI 40
Total 80

V6-04/10/2013

14



2.2 Long and mid -term research issues
Long term research aims

Climate change science hé&ngidentified challenges, but the tremendous amount of syntheses and
assessments made in the WG IRCC report brirgnew ones Less uncertain projections of climate change
crucially rely on more accurate estimations of ttlgnate sensitivity to external forcingslbowever climate
sensitivity results from thecomplex interplayof direct forcing effect, feedbacks and energy exchanges
among all compartments of the earth system. Less uncertain projections also rely on an improved
understanding and quantification of clinea variability, especially at etadal to multidecadal scales.
Changes athesetime scales, such as the recent slowdown in surface warming, hinder accurate estimation
of climate sensitivity and attribution of loAgrm changes The simulation ofregional climate, with
phenomena ranging from the meszaleinteracting with the circulation at global scale remains a challenge
becauseof the wide spectrum of scales and processes to be accountedFuor instance e African
monsoon region undergoes such poorbnderstood interactions.A better prediction of regional
phenomena such asinfall regimess necessary to better estimate climate change impacts which remain
highly uncertain in such vulnerable regions.

Given the expertise of LABEX research teams, nfagor longterm overarchingresearch goals are
threefold:

1 Provideimprovedestimates of the climate sensitivity to natural and human driven forcibdgBSL
teams have leading expertise irarth system physigshiogeochemical cyclegheir interactions
and feedbacks. This expertise should allow to better quantify least documented interactions such
as interactions between carbon cycle, aerosplshemistry, the atmospheric circulation, and
carbon exchange between several components where uNde A yGe A& I NEBS 0642
expertise in paleeclimate reconstruction and modeling should help quantifyingbust feedbacks
both in the current and past climates;-IPSL teams also have sufficient expertise to better
document the sensitivity ofclimate to solar and volcanic forcing, with climate experiments
simulating the effects of major volcanic eruptions and sofarcing variations

1 Providean improved attribution of recent decadal to muttecadal changes of the climate to
forcings and natral variability: the expertise in paleoclimate, as well as oceatmosphere
coupled modeling, the emerging expertise in initialized climate simulations, as well as the online
simulation of more interactions with biogeochemical cycles should help charagtag changes at
the scale of a few decades, which is particularly relevant to adaptation; the expertise in statistical
analysis of climatedata should also help to develop detection and attribution studies in
combination with modeling experiments. In partular, these combined studies should lead to
understanding the mechanisms involved in the recent slowdown of surface temperatures;

91 Providebetter and more reliable projections of climatad related impacts in a few key sedat
both global and regionacale the expertise in climate modeling and impacts of climate change is
present or emerging in severatlPSL teams. For instance, the impacts of climate on ecosystems,
water resource, agriculture and energy is an expertise that has grown through sevyaaects
over the past decade. The large participation to CORDEX exercise has demonstrated the growing
involvement of L-IPSL teams in regional climate modelinthis should enable major advances in
the framework of the LABEX, as concerns the implicatiofiglimate change in several regions of

V6-04/10 /2013 15



the world, including the national level. At a more fundamental level, a deeper understanding of
the interactions among regional processes and between regional and global circulations is
necessary, and the best way tmodel these interactions should be identified. The development
and a larger use of zoomed, coupled versions, with nudging possibilities, of the-GA&Imodel,
used in combination with other regional models (WRF, MAR) should help this.

In the longterm, cdlaboration with the LABEXIERwill be strengthened Several topicdhave been
identified for such collaborationsuch as climate change studies involving the rise of the sea level and its
impact on coasts, the role of smaltale physical processes in thezan on marine biogeochemistry and on

the biological carbon pump, and the impacts of climate change on marine ecosystems. Some aspects of this
collaboration are developed in the contributions of WP1 (Factors controlling the atmospheric compaosition)
and WP4 (Impacts).

The midterm program developed below includes projects aimed at answering these main issues, and are
gathered into 5 main issues

Issue 1The predictable part of decadal to muitdecadal climate changes andsk
of abrupt change

Hforts are being undertakerto identify predictableclimate variationsat decadalto multi-decadalscales

through several projectson the one hand, the effect of external forcing is being studied through the
simulation of major volcanic eruptions occurring along tlast millenium and their comparison with
paleoclimate recordshuildingupon alarge spectrum of expertise within the LABEX teaifitse predictable

part of decadal variability is also being studied through the recent completion of initialized cliinatzast
simulations(CMIP5) and associated idealised studies designed to understand the mechanisms involved
These activities, funded both by the Labex and by national and EU projects, are now coordinated at the IPSL
level and contribute to the very actvinternational agenda in the field of decadal predictability (WCRP,
CLIVAR, GFCS, CMMrupt changes have also occurred in past climates, especially in the North Atlantic
area. Understanding themechanisms and links to decadal and mdé#cadal varibility requires improving
significantly the synchronization of the various paleoclimatic records, an effort that is currently being
undertaken using advanced mathematical methods.the scale of the century, the predictable part of
changes is the effectfagreenhouse gases. The climate sensitivity to GHGs, incorporating a variety of
feedbacks will be studied along the lines of the WCRP Grand Challedg®dén2 dzR & = O xliwBrelzf | { A 2
aSyaridAagrtees gAGK | O2y i NR O drirdulatign feedbacksKeSpecially .in9 - 2
tropical regions, and using botlecent past,future, paleo or idealizegimulations simulationgCMIP5,

PMIP3, CFMIP)

Issue 2 Trends in marine and terrestrial ecosystgmoductivity and carbon fluxes

Targeted research efforts arbeing undertakenin order to better quantify and understand the carbon

sinks, both in the oceanover land, and their future evolution in response to 1) climate change, 2)
atmospheric COZhange, 3) land use changé) atmospleric aerosol changeand 5) human inputs of

nutrients and contaminants An essential step, expected in the next few years, will be to quantify and
simulate the interactions between the carbon cycle, the aerosols, including the effects of aerasols
produdivity it KNP dz3 K GKSANI N} RAIFGAGS F2NOAYy3IT GKS aFSNIA-
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ecosystems (nitrogen oxides and ammonium, phosphorus from dust) and over the ocatmeden oxides

and ammonium,iron and phosphorus from dust). To meéehis objective, a review of processeswill be
achieved in order to improve the biogeochemicdPSL climatenodel components, by analyzing CMIP5
simulations with interactive biogeochemistry and climate, and carrying out complementary offline
simulations © attribute changes in primary productivity over the 30Century to the above drivers. In
parallel, the linkage between land ecosystems and the oceans through the transport of carbon and
nutrients from land to ocean by rivers and estuari@sll be studied This significant and ovelooked loop

of the global carbon, nitrogen and phosphorus cycles will be progressively included in the land model
ORCHIDEE, and explored in the ocean biogeochemical model PISCES, bridging the gap between the
expertise existing aSISYPHE, LMD, LSCE and LOCHE#sNeffort will be linked to process studies in key
regions in order to capture the sensitivity of transfer and transformation processes to climate and
environmental changesThe Arctic is a region both where productivitg changing rapidly, as evidenced

by 30 years of satellite vegetation index and a large number of ecosystem measurements, and where the
transfer of organic matter by rivers to the Arctic Ocean is currently altering marine biogeochemistry and
air-sea CO2 tixes. Specific emphasis will be given to the attribution of Arctic productivity changes in this
action. On the ocean sidette LABEX team will benefit from a strengthesheollaboration with the LABEX
MERfor some of these actions.

Issue 3Changes in the @cipitation regimes and water resources

Efforts are being undertaken to develop a capacity to better predict water resources under climate
change. This requires several emphasis in the LABEXtenid research : (i) to enhance understanding of
the drivers(i.e. cloudscale processes as well as environmental forcing) and improved modeling of rainfall
regimes, which are currently not well predicted by climate models ; specific questions are (a) how to
model precipitation regimes which depend on weather systertying over a wide range of scales, and (b)
how can high-resolution convectionpermitting regional limitedarea models be used to assess the
quality of and improve precipitation fields in GCMs at intermediate scales (i.e. scales covered by both
modeling gproaches); (i) to develop a capacity to predict future river discharges, droughts and floods
due to extreme events. Downscaling model chains, either of statistical or dynamical nature, offer many
possibilities and properties to be explored in combinatiowith existing observations, especially
regarding the water cycle phenomena. They raise methodological issues that need to be investigated.
Major efforts will be to bridge across spatial scales, accounting for model biases, and to combine and
evaluate theuse of indicators specific to hydrology. The emphasis during the-eith LABEX phase has
been put on (i) the analyses of the many simulations made within the framework of CMIP5 and CORDEX
over the African monsoon region, and on (ii) developing and analgzindices of rainfall impacts over the
same region. The expertise ofIPSL on water isotopes will also be used to study the water cycle: a novel
database on water isotopes covering current observations, paleoclimate archives and simulations will be
built. This will help to (i) better constrain the mechanisms that control evaporation, precipitation and
transfer processes in relationship to changes in water phase, (2) provide a robust framework for
data/model comparison, and (3) better reconstruct changesthe water cycle ewdenced by paleoclimate
records.

Issue 4 Fast warming and atmosphere, ocean, cryosphere feedbacks with a focus
on the Arctic region
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Clear evidence foifast climate change is being observed at northern high latitudes in the form of
diminishing summer sedce extent, thawing permafrost and changes in the Greenland ice sheet etc.
Anthropogenic forcing, both local and remote, is clearly playing a role but complex interactions with
natural physical and biogeochemical cycles in the atmbepe, ocean and cryosphere make changes in
this region difficult to predict with current climate models. Feedbacks resulting from climate change
impactson the fragile polar ecosystems and biogeochemical fluwegsorthern high latitudes also need

to be bdter understood and represented in climate models which currently perform poorly in this
region. Improvements in the capability of the IPShodel in the longer term can be achieved by a
combination of improved process level understanding coupled with dataalysis and highiesolution
modeling leading to improved climate predictionand estimations of ecosystem feedback§urther
exploitation of existing observations, with additional coordination at the level ciRSLwill contribute to

this aim providinginformation with which to assess model performanc&hiswill enhance the potential
contribution of LIPSL to the new national effofthe CHANTIER ARCTIQUIEJocusing on the Arctic.

Issue 5 The indicator factory

An effort to developand evaluatecommuricable and useful climate indicata@rof climate changés to be
developed. Indicators include classical climate indices, but a specific effort will be made to devedap

AYRAOSE 2F OftAYIGS OKIFIy3aS RSGSOGA2yYy alaéskandlimpacti K S
variables, and impacbriented indicators.A methodology will be developed, starting from impact needs

as seen in ongoing impact/adaptation projects, then developing and evaluating impact and climate
indicators. The methodology will als include a review of the indicators developed in ongoing and
forthcoming impact and adaptation studies.

2.3 Contribution of Work Packages to the LABEX objectives

The actions contributing to miterm issues defined in this section have various degreaesatfirity. Some

mature actions are proposed for funding by the LABEX while others will be discussed again in workshops
and in an updated version of this action plan during Spring 2013. Thus the action plan proposes funding
only for the most mature proposins.

A Work Packagel: Factors controlling the atmospheric composition

Main objectives and strategy

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

Over the past two decades, 80% of the increased radiative foafitang lived greenhouse gasisscaused
by the emissions of Cfrom fossil fuel burning and land usdange.This illustrates how crucial is the
carbon cyclein controlling the future rate of climate changeRoughly half othe currentanthropogenic
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CQ@ emissions are absorbed by natural sinks in the ocean and in terrestrial ecosystems. But models of the
coupled climatecarbon system consistently predict that future climate change will reduce the ability of
natural sinks to continue to absorb anthropogenic2CO

Like the carbon cyclether long lived greenhouse gasegith a global warming effect, @#&nd N2O, also
have an anthropogenic and a natural compondimked to land and ocean biogeochemistry and to
atmospheric chemistryThe evolution of these two components in response to climate and atmospheric
composition changes important to quantify and undestand, including the underlying processes

Shortlived aerosols and reactive gasese 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 air quality
62NI R6ARS Yl & NBf SI afsteil tkieSwarwingSimtBcao2bly graemhbubeSgasEs. $ogidR
FSNR&A2t& tA1S YAGNIXGSas FYY2YyAdzYZ YR YAYSNIt Rdzi
effect over ocean and terrestrial ecosystems where they are deposited, generally increasiligtjvity.

Increased productivity can result into more efficient CO2 sink, but can also yield to higher CH4 emissions by
wetlands. In some instances, however, excess deposition of nitrogen will lead to decline of productivity in
polluted regions, and sfalte deposition may inhibit CH4 emissions in wetlands.

The goal of WP1 is to coordinate and develop research on the evolution of atmospherivémhg
greenhouse gase§02, CH4, N2@nd aerosols and reactive gases at IPSL, both for observations and for
modelling. Specific focus will be given to interactions between aerosols and greenhouse gases, and the
attribution of changes in biogeochemistry induced by aerosols, and in a second phase, by reactive gases as
well.

Contribution to the midterm key issues
Over the next 2 years, WP1 will focus on four main actions:

Action 1: Improved budgets of greenhouse gases and aerosols to reduce uncertainties on sources
of radiative forcing over the globe, with emphasis on selected regions

We will use atmospheridnversion models, forward atmospheric chemistry transport models and
observations to reduce uncertainties keysourcesof radiative forcingor selectedregions of interestand
underlying processe#\s a contribution to miderm issues 2, 3 and &ocuswill be given toCH4emissions

inthe ArcticFNRY FANB &S LISNXIFFNRalG: gSiGftlryRa YR | yiKNR
I NOGAIjdzSQ y I (A2 y-Abf the ONEBIRAMERLENEsatelliie KniSsioh JKnd &sthg available in

situ (IC®), campaigns (YAK, CLIMSLIP), and satellite observation (IASI, GOSAT). The second proces:
investigated will beorganic aerosoémissions and transpoih the Medterraneanregion (CHARMEX). The

third proposed activity will analyze radiative forcing tremmger Asia caused by multiple anthropogenic
actions including emissions of greenhouse gases, land use change, reactive gases (NOx, Ozone) and
aerosols emissions, and indirect effects of aerosols such as black carbon deposition o lEscaetivity

will also address thevaluation of the biogeochemical components of Earth System Modets instance

through participation to intercomparison programs and development of metrics for offline and coupled
models performances
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Resources neededunding for organing 2 workshops, taking stocks of other projects

This action has taken place. Reporting will be done in the next action plan

Action2: Attribution of the radiative forcing of londived GHG, aerosols and short lived gases to
underlying mechanisms.

We will use models to attribute observed global and regional radiative forcing changes to emissions and
sink processes. This activity will first focus on thieractions between the biogeochemical cyclesf
climate forcing agentsin particular the climat and biogeochemical (fertilizing) effects of aerosols and
reactive gases on the carbon cycle and on natural ocean and terrestrial fluxes of CO2, CH4 amd.N20 (
climate cooling induced by sulfate aerosols effect on land / marine productivities, thercaycle and atm.

CO02) Specific focus will be given to the effect of climate,CO2 and aerosols on variability and trends of the
productivity of marine and terrestrial ecosystenihis action will contribute to miterm issue 2.

Resources neededunding br inviting a senior scientist for 3 to 6 months in 2013 (LISA, LSCE, LMD) on
aerosols and greenhouse gas interactions in earth system models (15 K). In addition, funding for a postdoc
researcher during two years is requested (100K) between LOCEAN, LMBGERd

The visit of N. Mahowald is scheduled for 2ahd 2014.

Action 3: Incorporation of the aquatic loop of the carbon and nitrogen cycle in the IPSL Earth
System Models

The transport of C (DIC, DOC, POC) from soils to river headstreams ugtaske ocean is a large global
lateral flux of carbon, commensurate with the land and ocean sinks of atmospheric CO2. An increasing
number of measurements are being collected for diverse river basins. We propose to incorporate a simple
version of C (anth a second step N) transport by rivers into the routing scheme of the ORCHIDEE land
surface model and to calibrate the global model with emission factors from soils estimated from data
mining and synthesis of literature data (in particular regarding the of exported C). The process of CO2
outgassing by freshwater systems and burial of C in lake sediments will be included in a simplified manner.
Effects of land use and climate changes in the export of C and N from land to oceans will be studied for
different scenarios, and used to force the ocean biogeochemistry model PIBi@ES8evelopment of a
higher resolution version of the NEMRSCES model, in the context of a collaboration-I&fSL with the
LabexMer, will greatly benefit to this action.

Resoures needed: funding for a postdoc researcher during two years is requested (100K) between
SISYPHE, LOCEAN, LSCE. Additional resources from other projects.

This action will start in Summer 2013 with hiring a pist researcher who will work withIBSL tegns.
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A Work Packagel: The predictable part of climate for the next decades

Main objectives and strategy

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 mechamssand the respective role of internal variability, of natural

or anthropogenic forcings on most aspects of recent climate changes (sselaiae decrease in the Arctic

or precipitation changes in the Sahel) are currently not established. This lacklefstanding limits our

ability to predict climate evolution over the next few decades.

For the future, he predictability of regional climate for the next decades to century will primarily depend
on: (1) the response to changeslonglived greenhouse gas; (2) the response to regionahanges in
aerosols and other shotived species; (3) the lofvequency modes of natural variability.

The goal of WP2 is to coordinate and develop related research at IPSL, both for observations and for
modelling, with &ocus on three related key objectives:

1 Quantify and understand the internal and natural variability of climbkederstand climate fluctuations
0S®3d lah/ X 9b{hX X0X GKSANI RSLISYRSyOASa 2y {(KS
forcings (GHG &adzy> | SNRaz2f axXod ! aLISOAFAO STF2NI HAff
period for which decadal to sulecadal climate variations may be reconstructed from various natural
archives, and for which some estimates of forcings associatéith solar variations and volcanic
eruptions are available.

1 Quantify and understand climate changes due to anthropogenic fordihg. primary mechanisms
involved in the spread of climate feedbacks, in particular those due to radiative feedbacks will be
exploredin order to improve our estimate of the amplitude of climate change in response to external
forcings We will also investigate howclimate parameters and phenomena (e.g. tropical precipitation
change, AMOC, ice sheets dynamicstorms, heat waveEs Xwill change with temperature and
forcings.

9 Predict and assess climate changes at decadal time stilesvelling the respective contributions of
external forcing and internal variability in the recent and future decadal change requires to (i) to
identify and assess mechanisms that drive climate variability and trend and (ii) to increase our
confidence in climate change projections. A joint development and use of global earth system models
and observations will help both the detection and attribuih of these decadal signals. The possibility
to forecast the predictable part of the next decades will be explored using a combination of historical
and initialised simulations. For such timescales, the slow components of climate models (ocean, sea
A O Srieetlto be initialized near observations and thelPSL will seek to develop new methodologies
and select appropriate observationdNew approaches will include perfect model studies to better
understand the mechanism at work in the models (beyond the issuelated to model errors, lack of
data, and the combination of different sources of external forcing over the last 50 years)
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Contribution to the midterm key issues
Over the next 2 years, WP2 will focus on four main actions, contributing to issuead.53 a

Action 1: The role of volcanand solarforcing

Volcanic forcinghas been shown to be a major driverddcadal variability and predictabilityoth in recent
decades andluring the last millennium, in particular in the North Atlantic and for the@®{eg Booth et

al. Nature 2012)Before this actionthe physical and chemical representation of volcanoes in the IPSL
modelwastoo simplified to 1) explore the mechanisms by which volcanoes can provide a source of climate
variability and 2) compare tde many related observations available at IPSL. The goal d@itlgisd action

is, first, to adapt an existing 2D model of the microphysics of stratospheric volcanic aerosols (LATMOS) to
the 3D IPSL GCM (LMD) and, second, analyse the resulting simufatidihe last decades and last
millenium (LOCEAN, LSCE), with a focus on North Atlantic THC variability and predictabiptpject has

started since a year and belowassummary of the work undertaken and future plaifiis action is also a
contribution to TWP1.

In a first step, it was decided to align with the CCMI Protocol ands#dsato evaluate the coupling of the
radiative impacts and heating rates deduced from LMDz (extinction coefficients, single scaettering albedo,
and asymmetric factor) witlihe Chemistry of REPROBUS (Surface Area Density, mean radius, aerosol
volume density) when including stratospheric volcanic aerosols and a coupled ocean. CCMI provides
consistent datasets deduced for SAGEIl satellite observations-Z026) as monthly zwlvertical

datasets (36° lat x 70 levels) for several wavelengths in the solar and terrestrial bands (see Eyring et al,
SPARC Newsletter, submitted, 2012). Starting with these forcings will be a very useful benchmark to
constrain LMDREPROBWNEMO modeskills. The datasets from CCMI have been interpolated over the
IPSL model 2 solar spectral bands and atmospheric model grid (M. Khodri, O. Boucher) and simulations are
running. The results also have the ambition to help evaluate the robustness of ting weduced from the

2D microphysical model of developed at LATMOS (S. Bekki) to explicitly calculate these parameters for the 3
volcanic eruptions of interests (Pinatubo, Tambora and 1258). This second phase will be starting on July 1st
with the hiring ofM. Diallo as a Labex pedbctoral fellow.

Action 2: The use of observations of past decadal variability to validate models

The use of observations of past decadal variability to validate models, in particular the use of deep corals in
the North Atlanticwill be investigated This will require synchronisation both in time and across variables in
climate archivesThe HPSL is uniquely placed to make significant progress in this area, initially involving
experts from IDES, LOCEAN and LB@& action regires more meetings in the next year to mature into
specific integrating action (cf HAMOC ANR, submitted).

The second aspect concernbet detection and attribution of decadal changes. This requires (1) the
development of statistical methods expertise tetdct changes in decadal variability both in observations
and in models and (2) to distinguish two time horizons:480years for which the external forcing
dominates and 120 year which requires initialised deterministic simulatiomkis specific task i be
initiated via the invitation of an expert and the organisation of a workshop involving the IPSL statistical
experts (SAMA group).
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Reporting will be done on this action on the next update of action plan.

Action 3: Climate sensitivity, climate forcirgnd climate change amplitude

This action will seek to understawdhat are the mechanisms that primary expldire spread of climate
feedbacksThe following mechanism will be explored: clouds, cryosphere, clicatason, etcand fow to
estimate and accesthem. The €nsitivity of climate change to different forcing agentsdamitigation
policies GHG emissions, aerosols emissions, 4asel..) will also be explored (LMD, LSCEO ¢

Specific integrating actionwill include (1) the support of IPSL leadgysini WCRP Grand Challenge

GOf 2dzRasx OANDdzZ I GA2ya FyR OfAYIGS aSyarargriees Iy
paleocloud workshop, and (2) the study of clesictulation feedbacks, especially in tropical regions, and

using boh recent past, future, paleo or idealized simulations simulations (CMIP5, PMIP3, CFMIP) within a
postdoctoral projectTwo oneyear postdocs will be hired, starting in 2014 or end of 2013.

Action 4: Largescale patterns of climate change and impact chimate phenomena

The hrgescale patterns of climate chang@lobal circulation changes, precipitation, weather regimes,
storm tracks, drought, heat waves, étavill be analysed to infer what element of predictability they
provide for the next decadespnsidering again two time horizons. Tinepact of climate change on climate
phenamena (MonsoonsENSO, eto. gAff 0SS &aLISOAFAOIff & | SRS aaSR
integrating actions will be decided on the basis of several meetings.

Reporting onhis action will be done in the next action plan update.

Action 5: Initialization methods for coupled climate models

The development and validation of initialisation methods for coupled climate models using both the
historical set up and associated obsefgatand a perfect modedet up to understand mechanisms will be
further developed for the IPSL model.

First results show the key impact of sea surface salinity nudging used in conjunction to SST nudging to
reconstruct the susurface ocean decadal variahjlin a perfect model framework (Servonnat et al. Clim.

Dyn. submitted). Beyond ocean initialisation, we will exploreic=and land surface initialisation. This
action will be done via projects (GICC, ANR, EU) meetings and worRsljopd. ocean initlssation, we

will explore seace and land surface initialisation. This action wilhtinue tobe done via meetings and
workshops.

Links to other projects

The following projects will provide effort towards the WP2 actions in the next two years:

National: MISSTERRE (LEFE/IMAGO, CNRS/INSU), EPIDOM (GICC, edNR 2Gi&n Greeland, 2011
1014, HAMOCCMORDICUS

EU: SPECS (FP7, 20037), EUCLIPSE (FR¥,02013), COMBINE (FPZ0092013), EMBRACE (FP7120
2014)
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A Work Packages: Regional mplication of global warmirg

Main objectives and strategy

The overarching objectivef WP3concerns the characterization of the implications of global warming in
terms of regional climate changes as experienced by the human societies is needed to make appropriate
adaptation decisionsWP3will focus on the existing strengths ofiRSL in termsf expertise (the water

cycle, the biogeochemical cycles, and their interactions) and tools (observatories;gpaesotservations

as well agylobal and regional modelingCMIP5 & CORDEX). Enhanced knowledge on how regional climate
can also impact globa&limate will be achieved by assessing the role of mesoscale and regional processes in
climate projections.

Disciplinary advances regarding the comprehension of the processes responsible for the changes for key
climatic variables currently observed, andeir evolution as inferred from climate projectionsill be
developed The role of regional changes driven by local feedbacks (hydrological coupling, clouds, aerosols
land cover and land use, regional water bodliesust be addressed and weighted agairts targe scale
processes (interactions with the ocean, greenbegases, teleomectA 2 y a = X0 @

WP3 will benefit from the momentum created at IPSL by the international CORDEX exercise and participate
to international intercomparisons, studies using modesembles, with four regions of focus, where IPSL
participates to CORDEX: Europe, the Mediterranean region, Africa and South Ankedoa the
corresponding simulations, a synthesis of issues raised within the exercises will be carried out and more
general egional modeling bottlenecks will be identified.

WP3 will also provide apacity buildingfor L-IPSLlaboratorieson climate change inljgations at the
regional scale, as for instan@glvice onthe use of projectionsn at regional scales amiidance for
selecting model simulations and algaproving models.

Contribution to the midterm key issues

2to gAft LINPOGARS I YI22N) O2y(iNAROGdziA2Y (2 La&aadzS
NEB & 2 dzZND S & ¢ Fastiwarmihgiadddanosptrere, mceanyosphere feedbacks with a focus on the
Arctic regiod | Y R { Zhe lindicatdzSactpry @ver the next 2 years, WP3 will focus foar main
actions:

Action 1: Intermediate scalelssue

As a contribution to Issue #3, WP3 wdlsess the relevance dfigh resolution modeling for the
investigation of the regional implication of global warming at intermediate scales (i.e. scales covered by
both global and regional models, 80 km).This issue is particularly critical for precipitation regimes over

the Sahel region but also on other regions such as Europe, for which neither GCMs nordira#edodels

are currently able to cover all concerned spatial scaRsgional modelsare designedto represent
mesoscale processes and surface conditions more tigally than GCMs However, since they are area
limited they lack the climatic feedbacks at teleconnections present in global motes.overarching
question is which type of model should be given more credgiten applied at intermediate scales?
ExistingCORDEX runs will be used to assess the impact of dynamical downscaling on key climatic variables
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(with TWP1 and TWP3) and impact indicators (with WP4) by comparison with CMIPS5 runs. Advanced
knowledge will be gained through this exercise for instancehmnrtecessity to guide or nudge regional
models using global models.

The work for this action will be designed around models used at IPSL, i.e. regionaldiratedodels and

the zoomed version of the GCM LMDz. Existing CORDEX runs will be used tioeaisspast of dynamical
downscaling on key climatic variables by comparison with CMIPS5 runs. We propose to focus on the
representation in these models on key variables: (i) radiative fluxes (visible ancedfrancluding forcig

from aerosols and watevapa, (ii) PBL dynamics, in particular over the Sahara, (iii) heat & water transport
across West Africa, (iv) heat & water budget in the monsoon region and in the Saharan heat low region. As
a first step, the work is proposed for the period 12800, b benefit from the wealth of data currently
available. In a second step, the work could be extended to climate projections. Advanced knowledge will be
gained through this exercise for instance on the necessity to guide or nudge regional models using global
models. A 12to 18month postdoc position is currently planned for this work (to be recruited before mid
2014).

Action 2:Climate variables and indices fampact-oriented indicators

The aim is to build the bridge between the output of climate and negfionodels, on the one hand, and
environmental variables that are relevant for impact assessment, on the other hand, whether they relate to
the mean state of the environment (e.g. ecosystem productivity, water resources) or extreme events (e.g.
frequency,intensity, persistence of floods, droughts, heat waves, blocking, cyclones). This will be achieved
via brainstorming workshops with WP4. An attempt will be made to define the best indicators for a variety
of impact studies covering a wide spectrum of aggtiions, namely agriculture, water resources, renewable
energies,pollug y > KSIf KX F22R aSOdNAGes SGiOX

Once definedCMIP5downscaled by CORDEX regionakwith possible further statistical downscalimgll

be used toconstruct the abovelefined indicators andanalyze thé& trends. The analysis on impact
indicators will be conducted is some key regions, hamely West Africa, South America, dlteridaean
region and Europe, which are the regions for which CORDEX egp&gimere made at IPSL. This action
will serve as a starting point to Issue #5, the indicatordgct

This action requires meetings for the definition of indicators (a first meeting is scheduled 27 June 2013) and
the work of a postoc (hired as of May 4@3), in common with WP4 and TWP3 (see details in WP4 below).

Action 3: Development of a theory for lardceanatmospherecoupling on decadal time scales

Dust emitted from the Sahara and Sahel regions of Africa vary on time scales ranging from hourly to
decadal, and influence the climate of the tropical and subtropical Atlantic via changes to the radiative
budget at the surface through the top of the atmosphere. It is also known that the physical state of the
Atlantic Ocean influences the regional atmosphatirculation, and thus the hydrological cycle over Africa.

In theory these changes in the circulation and the hydrological cycle should affect dust emission, thereby
establishing a regional coupling of oceatmosphereland surface processes, but-tlate no such coupled
theory has been developed or tested.

We propose to identify the twavay relationship between regional climate variability and mesoscale
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processes over the Saha&ahel region of Africa via a combination of observational analysis and ngdelin
studies. This work will be conducted in connection with WP1, WP2 and TWP2. Specifically, we aim to
answer the following questions: 1) How are the mesoscale processes that control dust emission from the
SaharaSahel region related to the regional circudat? 2) How does decadal variability of the regional
circulation affect these mesoscale processes and therefore dust emission? 3) Can we explain recent, and
predict future, climate variability via development a theory that describes regional coupliagdbtean
atmosphere processes?

This action has been fostered by the visit of Amato Evan (during initial LABEX phase, see above) and will
contribute to Issues #1 and #3. The major research result stemming from this visit was demonstrate that, via
the greenlouse effect, small changes in water vapor in the atmosphere over the Sahara Desert alter the
thermodynamic structure of the Saharan Heat Low, thereby modifying the monsoon circulation and
LINBOALIKGEFGAZY | ONR&aa GKS { I Katér waporASvectoactiS YOLOSANE KISARNT
(SWAT) feedback is the fundamental mechanism controlling precipitation across the Sahel on long time
scales, the dynamics of which is consistent with the synepéile meteorology of the monsoon. Efforts on

this action will ontinue on two fronts: (i) process studies underpinning SWAT feedback at decadal scales
with a focus on the role of desert dust, and (i) an analysis of the representation of the SWAT feedback in the
CMIP5 and CORDEX runs for the period-2080 (comparisn with observations and fanalyses) as well

as its evolution in the future using CMIP5 projections.

Action 4: Pocess level feedbacks and interactions in the Arctic region

Clear evidence for climate change is being observed at northern high latitudies form of diminishing
summer sedce extent, thawing permafrost and changes in the Greenland ice sheet etc. Anthropogenic
forcing, both local and remote, is clearly playing a role but complex interactions with natural physical and
biogeochemical cycles ithe atmosphere, ocean and cryosphere make changes in this region difficult to
predict with current climate models. There a key aim will be to better understand the contribution of
anthropogenic activities to Arctic climate change and the feedbacks betwagmospheric
composition/dynamics, and ocean, cryosphere processes. This will be tackled using a combination of high
resolution modeling coupled to data analysis and make use of the Arctic data portal developed in TWP2.
One aim is to better use existingtésets to evaluate regional/global climate model performance at IPSL in
the Arctic region, a topic of importance noted at the recent Chantier Arctique collogue. Specific processes
such as the impacts of aerosols will also be examined. A workshop witlesttedd to identify and develop
crosscutting research topicsit the level of IPSL and in coordination with developments as part of the
Chantier ArctiqueThis action will contribute to Issue #4.

For example, a first step towards enhanced knowledge ofpiteeesses impacting global warming at high
latitudes will be undertaken through a synergetic approach involving observations and models, both in the
laboratory (at EHPSL) and in the field (e.g. Siberia).

This task has benefited from the visit of Steviéf@t in the initial LABEX phase, as well as that of Jerome

Fast (PNNL) who visited LATMOS to foster collaborations in the field of regional chemical/aerosol modeling
and aerosokloud interactions. This action will further benefit from the visit of SteReising (Colorado

State University) who will stay in LATMOS for 6 monthsvéok on atmospheric water vapor related
processinthe Arctie. G SNJ @F LI2NJ A4 GKS Y2ad lFodzyRFYyd 3ANBSyK?2
least accurately measured glally. The sciencequesions I A f 2 NER I NRdzy R aeliB8S O3Sy
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What quantitative information do observational data products provide regarding the trends of atmospheric
water vapor with time, particularly in comparison with other quantitativeeasures of climate change
impacts in the Arctic regiohAnd 2)What is the reliability and quality of various sources of water vapor
observational data in the ArcticSteven Reising will work with water vapor remote sensing specialists at
IPSL. In additigncomparisons will be performed wittegional model simulations,lapal reanalysis and
forecast productsand possibly CMIP5 simulations

Links to other projects

Ongoing FP7, ANR, INSU, IRD projects in West Africa (non exhaustive): AMMARANBINNERIEPCSA,
S5w!a{> /! +xL!wX O2y(iNRoOdziA2Y (2 &/ KFYGASNI ! NOGAI dz
Labex BASC regarding the productivity of terrestrial ecosystems and agrosystems, and the feedbacks with
the water cycle (irrigation, water qutf). Other funded projects such &SSUACCESEUECLIPSE and
CLIMSLHANRwWill also help structure of the work in WP3.

A Work Package 4: Impacts

Main objectives and strategy

We focus here on the impacts of climate change on the natural resources and the ecosystem services, the
human activities they support and evolve with, and the resulting environmental changes. Regarding the
future, an important issue is to characterize ingmin terms of vulnerability/benefit for resources and
ecosystems services in order to propose sound adaptation strategies. The retrospective direction is also
important regarding the detection and attribution of observed changes, and the necessarytigalida
models. An improvement in knowledge of processes in the natural environment including new process
studies is needed in order to build forecast capacities for future impacts.

Such studies cover a very wide range of topics and require integratadapes combining various data

and models, with important issues regarding up/downscaling methods and uncertainty analyses, which will
be addressed in tight collaboration with WP3 and TWP3. Based on the existing strengti3Shf, e
initially identifiedfour sectors on which to focus our efforts: water resources (including growatdrvand
hydrological extremeshiogeochemical fluxes and ecosystems along the-zoehn continuum (including
terrestrial and marine productivity, water quality); energy resmes and infrastructures; sources of
regional and global air pollution.

A first WP4 meeting held on March,62012, helped to refine our scientific strategy. WP4 can rely on
about 30 dedicated scientists from aHIRSL laboratories, with different kel of experience regarding
impacts studies, thus different kinds of actions depending on scientific expertise:

1 water resources, vegetation production: reinforce and integrate existing activities
9 coldprocesses/Arctic, terrestrial weer quality and related fluxes, landsea interface, marine
ecosystems, air pollution: move from process studies to impact studies
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1 energy : develop the working force to continue preliminary results

The EIPSL budget cannot suppatl specific impact studies, and we rather aimdatveloping the potential
of L-IPSL teams to attract their own funding, by promoting scientific structuration and methodological
advances:

1 Capacity building at IPSL on climate change impachbhare experience on inherent difficulties;
develop/adapt ad-hoc modeling capabilities to be responsive to research projects solicitations;
promote supporting datamining, observational & experimental work.

1 Cuttingedge methodological researchdisciplinary advances regarding overlooked aspects of the
global cycles €.g. land/sea fluxes, transfers and transformation in hydreystems, marine
ecosystems, ground water); interdisciplinary integration, including solicitations to climate modelers
(WP3); adaptation strategies, in tight collaboration with TWP3 (Uncertaintiem)d the LIPSL
innovation activities.

Contribution to the midterm key issues

Over the next 2 years, WP4 will mostly contribute to Issues 2 to 5, vigoiog research on involved
environmental processes (biogeochemical fluxes and ecosystems along thigekamontinuum in Issue 2;
water resources in Issue 8pld-season processes in Issugidpact indicator in Issue)5The mieterm
contributions are largely focused on issues on whidR3L teams can benefit from substantial experience

in either impactor interdisciplinary work. Yet, the three actions below are intended to interest a large
spectrum of environmental scientists, as a lever to interdisciplinary capacity building on climate change
impacts. These actions will also involve other work packagestly TWP3 and WP3 (Action 1 and 2), but
also TWP1, WP1, and potentially WP5 on Action 3.

Action 1: Propose impaatriented indicators

The aim is to build the bridge between the output of climate models (often biased multivariate 3D fields
with a wide vaiability spectrum over centuries) and environmental variables that are relevant for impact
assessment, whether they relate to the mean state of the environment (e.g. ecosystem productivity, water
resources) or extreme events (e.g. frequency, intensitysiptence of floods, low flows, droughts, heat
waves, blocking, cyclones). This will be achieved via brainstorming workshops, keeping in mind the need for
societal appropriation by stakieolders of the devised indicators. WP3 and TWP3 will also be invisived

this brainstorming, as the indicators must be easily deduced from regional climate model projections, and
as a challenge is to convey information despite uncertainties.

This action has been launched with a dedicated workshop organized on June 27agt8d towards L
IPSL members, and selected representatives of $takiers. The aim is to define the impactented
indicators to be effectively characterized in Action 2.

Action 2: Create a catalog of impactriented indicators

To demonstratethe interest of the above propositions, we will work at effectively characterizing the
proposed indicators based on regional climate projections from VR8erarchy of models (including the
land surface model ORCHIDEE of IPSL and ocean moilel® wsed as a translator between climate

V6-04/10 /2013 28



variables and productivity/hydrological variables. CMIP5 runs will be used to analyze their trends at the
global scale, while CORDEX runs will be used to assess the influence of dynamical downscaling on these
impact indcators. TWP3 will complement this catalog by documenting the uncertainties accompanying
statistical downscaling methods. The ultimate goal is to create a starting milestonelRSLLimpact

studies, on which the entire impact community will then be aldebtiild up. This action is an important
contribution to Issues 3 & 5 (Water cycle & Indicator factory) and will be carried out kyearZostdoc

shared between WP3, WP4 and TWP3. Note that characterizing the biases of the devised indicators under
preseii Of AYIFIGS o0a@FftARIFIGAZ2YED A& Yy AYLERNIIFYyd FaLl
appropriation and uncertainty assessment.

In addition to the lanebased (productivity/hydrology) indicators, we will develop océased indicators
through acollaboration with Labex MER. This could include (but is not limited to) indicators related to the
state of marine ecosystems, or to the impact of climate change andesehrise on the coastal systems.

This action relies on the recruitment of a tyear postdoc shared with WP3 and TWP3, who started in
May 2013. The work has been first oriented to the analysis of #idIFSinternational project, with several
AYLI OG Y2RSfa AyOfdzZRAYy3I (GKS Lt{[Qa flFyR aamFl OS
scenarios based on IRSM5 and other climate models, The method to associate pertinent uncertainty to
the indicators will be first established for NPP before being applied to the selection made in Action 1.

Action 3: Define the extrapolation power ampact models

Impact assessment relies on either conceptual or numerical models, which are both developed based on
observations of recent climate. The transferability of such models under unprecedented climate condition
is a crucial issde Our goal is tadocument, for a variety of-lPSL models, climate ranges in which the
models are supposed to hold, the larger ranges in which they might hold, and the thresholds over which
uncertainty dominates, via workshops or questionnaires. Process studies wilbalsmcouraged for
documenting poorhknown relationships between hydrology/ecosystems and climate change.

Action 3 has not started yet, but the kiokK meeting is targeted for the end of 2013, to be followed by a
G NB G NB I { éon @wdrkioK thefddglsk &

Links to other projects

WP4 will benefit from many egoing or planned projects (FP7, ANR, GICCCIBiat, FIRE, PIRENIne,
MISTRALS, etc.), and interesting links will be developed with LABEX BASC regarding the productivity of
terrestrial ecosgtems and agrosystems, and the feedbacks with the water cycle (irrigation, water quality).
The recent ISMIP project (IntefSectorial Impact Model Intercomparison Project, coordinated by the PIK) is

a pioneer for international coordination of impact stedj and HPSL models will be encouraged to join this

effort, following the ORCHIDEE land surface model.

! E. M. WolkovichB. I. CookJ. M. Allen T. M. CrimminsJ. L. Betancourt et al. (2012). Warming experiments
underpredict plant phenological responses to climate chaiNgure, 485: 494497, doi:10.1038/nature11014
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A Work Packages: The risk of abrupt unpredictable climate evolutions

Main objectives and strategy

Past climate archives have documented abrupt or-finear changes, occurring sometimes in less than a
few decades. These abrupt climate changes occur when the climate system is forced to cross some
threshold, triggering a transition to a new state at a rate determined by the climate system itself and faster
than the cause. Chaotic processes in the climate system may allow the cause of such an abrupt climate
change to be undetectably small.

In order to properly address the risk of future abrupt climatic changes, the WP5 will conduct concerted
efforts for the analysis and interpretation of higiesolution past climate archives, both on the continents
(i.e. speleothems, lacustrine sediments, ice cores) and in the ocean (shallow andeadeeprals, marine
sediments), and will compare these data with models otépi@specially, proxy forward models) in order

to better understand the causes, mechanisms and impacts of abrupt climatic changes, and take full
advantage of palearchives to unravel potential climate crisis ahead.

Key efforts will be devoted (i) to undsand the importance of mean, initial climate conditions on natural
climate variability and abrupt climatic shifts, (ii) to identify and quantify thresholds, and (iii) to highlight
potential precursors that could help us to predict the occurrence of futipping points. (Thesearly
warning signaldikely include changes of climate variability, whose study is therefore included in WR5 long
term goals).

Contribution to the midterm key issues

During February and March 2012, a prospective discussion washed within WP5 in order to identify

top priority topics that should be addressed over the first 2 to 3 years of #RSL labex. Thariability

and abrupt changes in the North Atlantiovere identified as key aspects during this first prospective
exercse (Issue 1) The importance of the North Atlantic area in terms of climate variability and
predictability is readily explained by (i) its direct, regional importance for the climate over Europe, (ii) its
potential sensitivity to climate warming through qerbations of the hydrologic cycle and the melting of
the Greenland ice caps, (iii) its impact on global climate through perturbations of the thealime
circulation. WP5 will therefore contribute to addressing Issue 1 as stated above.

Four main actios were identified:

Action 1: reconstruct climate variability over the last millennia in the Nowtlantic by using very
high-resolution natural archives (i.e. ice records, speleothems, g corals, tree rings and marine
sediments from high accumulatiodrifts) that make it possible to extend our understanding of natural
climate variability beyond the instrumented period. This research topic lies at the interface with WP2. In
order to discuss key issues and set up specific targets for this actiorgrfgiftussion is needed

ThekLt { [ adzLILRNISR (GKS 2NEFYyATIIGA2y 2F | O2y3dINBaa
the stateof-the-art of rapid, Holocene climate variability. Thisl&/ congress, which was-sapported by
PRES UniverSidris, UP11, IDES, LSCE afEL, took place in November 2012 and gagti more than
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130 participants.

Action 2: better understand the risk of future abrupt changes in warm climates by analyzing and
comparinghigh-amplitude climatic shifts under intergial conditions. This topic covers the study of the
Holocene, 8.2 ka cold event (timing, chain of events and quantification of water fluxes involved) and the
comparison of Holocene and MIS5 variability in order to determine if abrupt oflinear changesook

place during past interglac&lunder different conditions.

TheL-IPSL allowed the definition of tNRproject HAMOC (intergrating IDES, LSCE and LOQEAB)

has been submittedand will take up the challenges of improving present knowledgethef AMOC
variability and links with the Mediterranean outflow and input of fresh water from the high latitude during
the Holocene (abrupt or not, e.g. Medieval Warm Anomaly, Little Ice Age, 8R® O2f R S@Sy i X
will use stateof-the-art tools (ge@hemical tracers, chronometers...) and accurately datedwatér corals

and deepsea sediments to reconstruct NE Atlantic and Mediterranean Sea circulation changes at
unprecedented temporal resolution (<decadal to centennial). Paleoclimate reconstsuaiibive derived

from rarely combined proxies of surface and -aéghth North Atlantic gyre and deepater circulation.
Datamodel comparisons will be performed to explore the mechanistic links (forcing factors) between past
climates and largescale oceamwmirculation changedn association to this action 2, a PhD has been launched
to study the variability of the midepth hydrology of the North Atlantic through the use of a new tracer
(eNd) analyzed in deegea corals and foraminifera that allows the restinction of past changes in water
mass fluxes.

Action 3: unravel the mechanisms explaining the abrupt glacial variability across MI88 study

of specific events and the comparison with proxy oriented model outpmsnecessary to characterize
past thresholds, test model responses, reconstruct the succession of events and identify the feedback
mechanisms, which make it possible to bring back the system to its initial state.

This orgoing issue is associated to an ERC prajgbmitted in 2013. lassociation to this action 3, a PhD

has been launched to study the variability of MIS3 through the use of a new tracer (Pa/Th) that allows the
reconstruction of past changes in water mass fluxe®3L was a contributor of the First Open Science
Conferen8 2F LtL/{ ot NBalj-82pp2).5a RS DASyaz hOG20SNI m

This action (as well as Actionrgpuires the improvement of synchronization between various paleoclimate

I NOKA@Sad ¢KAA OKNRyz2f23&8 AdadzsS ¢lad RAaAOdlAGBRE Rd
workshop in November 201Zhe first step of a specific action supported BWPSEL will deal with
improvement of the DATICE tool, which allows improving age models and the synchronization of climatic
records based on advanced bayesian methdtiss Wil be achievedhrough a postdoctoral work staring

in August 2013, supported byIRSLThe young scientist will efficiently adapt this software to other climatic
archives and will train paleoclimatologist to its use. This work is conducted in clab®@ilon with LIK, a
Grenoblebased laboratory on applied mathematical methods.

Action 4: explore the risk of future massive destabilization of the Greenland and Antarctica ice
caps Precious information on the maximum rates of-gleeet melting is coniaed in the records of past

sea level changes. In order to extract all the climatic information and explore the risk of future massive
destabilization, realistic models of ice cap dynamics will be coupled to regional models or zoomed global
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models.

The inplementation of models of ice cap dynamics (i.e. grizzly) is under progress. A workshop should be
organized by the end of 2013 or beginning of 2014 to discuss thedfttte-art of action 4 and define the
pending migterm actions.

In general here was aconsensus among the WP5 community about phierity ¢ for all WP5 main actions
¢ of (i) improvingpast hydrological cycle reconstruction and water fluxasd (ii)developing precise,
integrated chronologiesThese are the two main actions supported ByPEL WP5 (see TWP2 also for (i)).

Links to other projects

Two proposals were recently submitted to ANR: HAMOC (Holocene North Atlantic Gyres and
Mediterranean Overturning dynamic through Climate Changes); MA CHRONGAIMhities integrated
CHRONOIlogylresults about these proposals are not known yet but should be soon released (june 2013).
Ongoing dataoriented or modeling projects at the European level or national level (NEEM, EMBRACE,
/' ha. Lb9ZXuo

A TransversaNork Package 1: Numerical modeg of the dimate system

Main objectives and strategy

The ability to better understand and to anticipate the climate change over 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 anakgywf greenhouse gadriven climate change, numerical
modelling based on a physicabgsed representation of the key processes and components that govern

the dynamics of the climate system is increasingly recognized as the most valuable approachpatantici
future climate change, at both the global and regional scales, and to improve the predictive capabilities of
climate models. IPSL has progressively developed a comprehensive Earth System Models (ESM), with a
leading position in many of the relevantpests (such as ocean modelling, carkmimate coupling, cloud
feedback studies, paledimate simulations...). The three main objectives of this transverse work package
FNE O6A0 (G2 LINRPODARS &aAayYdz I GA2y NBA&dz indhe btheRwork 2 O |
packages, (ii) to undertake specific developments that help the other work packages, and (iii) to continue to
develop the IPSL climate model to maintain the IPSL Earth System Models (ESM)-tsadiodd

In view of these major scienti€ and societal concerns,-IPSL will focus on three related key
objectives:

, Improving the representation of physical processes and their couplifilge inclusion of new
interconnected components (carbon cycle, chemistry and aerosols) into climate models and the need of
more reliable regional climateehange projections require improved representations of the basic physical
processes. Special efforts Wvibe made to improve the representation of cloudonvectionturbulent
processes, the hydrological cycle over land, coastal upwelling and ocean vertical mixing at high latitudes,
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coupling between atmospherecean and cyrosphere, aerosoloud interactions,fast coupling between
atmosphere and ocean, and to increase the resolution of the models.

Improving the representation ofierosols andiiogeochemistry processes and their coupling with
physical processedlo better represent the ability of natural sinkgo absorb anthropogenic CQ key
processes will be included and improved (lavegetation phenology, phytoplankton physiology, carben
nitrogen cycle interactions) in the terrestrial and oceanic carbon cycle models. Beyong @laer climate
forcing agents(aerosols, methane, ozone, N X0 ¢Aff KI @S G2 065 Y2NB SELJ
requires both interactive atmospheric chemistry and representation of biospheric fluxes (e.g., oceanic
DMS or VOC production as well as methane production by anaerobiaasjiration).

, Developing new algorithms and models to take advantage of new computer performance:
Increased computer power in the coming years is expected to come from new architectures and an
increased number of CPUs. A major effort will be made in MW i Ay 3 GKS daReyl YAOL
FGY2ALKSNAO IyR 20SIyAO Y2RStaz dzaAiy3a ySg | LILINEI
GAO2al KSRNIf 3INARRaAE0VI Ay RGOupbd antdngld infyaSriacturés2 Bhe & T 2
increased power will enafd increased model complexity, resolution, and the number or length of the
simulations.

Contribution to the midterm key issues

TWP1 will develop tools and provide support that will contribute to the five issues. The following specific
actions are proposetbr the next 2 years:

Action I Working towards high resolution versionsf the IPSL Earth system model.

This goal will be achieved through work in three main areas: (i) increasing resolution of current version of
the atmospheric model and adapting tiparametrizations accordingly, (ii) developing new tools for high
performance inputoutput and tesing them with the oceanic moddl YR 6 AAA O NBGNRGAY3
O2NB&a¢ 2F GKS FTOY2ALIKSNRO Y2RSt dzaAy3da FAYAGS @2f d

Repmrting on this action will be done in future Action Plan versfpad. ABEX funding yet)

Action 2:Development and better irggration of the various cycles.

All model components have a representation of the water isotopes, but the full integration inldbalg
coupled model has to be donehd@ current aerosol model isomprehensive but the effect of aerosol
deposition on the carbon cycle, vegetation and cryosphere needs to be included. The nitrogen cycle also
needs to be integrated across the different nebdcomponents (chemistry, ocean and terrestrial carbon
cycle).

Reporting on this action will be dern future Action Plan versions (no LABEX funding yet)

Action 3: Developmeiy adjustment and evaluationof the versiors of the IPSL Earth system
model.

New developments have been made respective to the i€BI5 model used for CMIP5 that should
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significantly improve theharacteristics of the simulated climate: update of the atmospheric convections,

new land hydrology, increase of horizontal and vertical retgmh for both the atmosphere and the ocean,
§GOX Ly IRRAGAZ2YS (KS FRedadySyd 2F 1568 O28FFAOA
phase of the development process of climate models. A new version of the IPSL ESM wiiitlbped,

tuned and evaluate It will constitutel a0 SGF ¢ @SNEA2Y 2F GKS Y2RSt @SN
phase of CMIP.

A postdoc will be hiredn 2014 to help the development and the tuning of the new version of theCIMSL
model.

Action4: Development ofa stretched version of the IPSL Hagystem model.

LMDZ, the atmospheric component of the IPSL model, has a stretchable loAgititiuide grid that allows
grid refinement. To transpose this capability to HESIM, it is necessary to develop general tdols
interpolate gas and dust emissions on the atmospheric grid and to interpolate any data on very fine grids.

This action, akady decided and funded in 200&s delayedAn engineer willbe hiredin 2014 to help to
develop this stretch version of the IPSL model.

Action 5: Facilitating the distribution and analysis of CMIP5 and related projects

¢KS /JaLtp Y2RSt 2dzilidzia O2yaidraiddziS 'y SEOSL
Ay @Said A= IAYS GBS Ot AYFGS OKFy3aS yR GKS AYLI O
K @S y25 I-R2LJquISSaaIaRTSYRPy’IR ozyrz yiizy | a |/
RFGIFIoFasST Iy AYFNF adNUzOGdzNB K 0SSy aligNt §8S
OF LJ OAGe IyR O2YLMziAy3 NSazdszéa NSfSQ:ﬁ)Wuf T2

RSOSt 2LISR FAYAZ ARENISGE 2 KS | yI to8laai& KA Gl KM3a  SZESLNS
YIye NBaShkNDK [dS&aiAz2ya RdNAyYy3a (KS ySEG &SI Na
An engireer has beemiredto helppublishing and to document the CMIP5 results for the IPSL models, to
correct the detected eors and to document the various errata. He will also develop tools to facilitate

CMIP5 analysis and document them. To facilitate thdyaimof the CMIP5 data, additional disk space has
been bought to increase the storage space (currently 400 To).

Links to other projects
National:

1 MissTerre (LEFE/IMAGO, CNRS/INSU)
1 Dephy (LEFE/IMAGO, CNRS/INSU)
1 EPINES (Mastodons/CNRS)

European

1 COMBINE20092013)
1 EMBRACR0112014)
1 ISENES 2 (2013016
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1 SPECS (202D15)
ANR

1 COONVERGEN@E@®132016

A Transverse Work Package 2: Data management

Main objectives and strategy

Observations for monitoring climate changes require long data isetading instrumental measures and
paleoclimate proxiesAvailable series of observatioaad proxiesare strongly inhomogeneous in nature,

f SYyadKz 20aSNIBSR LI NIFYSGSNERZ 20FGA2YyS &l YLX Ay3a:
always corrgpond to a partial view of the climate systems. One strategy for taking advantage of these
measurements consists in comparing them with numerical simulation outputs that give a more global
context. Another strategy consistsf simultaneously collecting mandifferent types of data to better
undersiand processes. Finallyinnovative instruments and methods are required to access new
measurements that help to characterize climate changes and constrain models. Preliminary taskotonsist
identifying, collectig, qualifying, correcting, coupling, and formatting these series to insure a better use of
these data with models. The attribution to climate changes on-@ng series of measurements as well as
numerical simulations requires both sophisticated statisti analyses. The-IBSLLABEXproposes to
complement and insure a better coordination with the thematic national data centers like ETHER qr ICARE
respectively for atmospheric and aerosol compositiespectively IPSL teams already collect a lot of data

that are not easy to use for evaluate models. IPSL has setup the ESPRI structure for coordinating data
handling for both observations and model outputs (ProdigG&tIP5 project). The expertise on innovative
techniques can be further increase with a bett@ordination across theABEXartners.

One of the main goals will be to provide accurate reference observations available for direct observations
with numerical models and associated statistical analyses. For such purpose, new innovative measurements
and data seris analyses will be developed. One example is the use of water isotopes to compare model
outputs with field measuremestand/or paleaproxies through proxjorward models.

Contribution to the midterm key issues

Action 1:Water stable isotopeslatabase and working groupe

Water isotope ratios in rainfall and palgwoxies (ice, carbonates, organic molecules) prouid@rmation
about the historyand circumstancesof water precipitation (transfer, phase change, temperature,
convection, precipdtion, evaporaton). This is complex but usefmformation for understanding
atmospheric, continental and oceanaycling ofwater for both actual measurements and palelimate
archives. While isotopes are already include the IPSL Earth model, this LAB&Xion isa good
opportunity to compare model and observations. Two tasks are proposed:

- The first one consists in collecting existitfg, 0 and D data series in a database to allow direct
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comparisons with model outputs in the framework @MIP5/PMIB. This action may concern the
instrumental series, the most recent (last centuries) peexy G 6 GNBS NAy3Iasz aLISt S
continuous older records and those centered on CMIP5 periods 6k and T2k database will be
developed in coordinatiowith the IPSL data management team (ESPRI).

The secondask consistsof forming a specifievorking group, on water isotopgin a first stage, then other
isotopes might be included, ith the objective to start the building of the database, to pmwote and
improve methodologiegreports, coursesthe model/observations comparison® promote the data base

use in HHPSL WP actions and designcampaigns using Picarro spectrometers and other measurements
dedicated to water cycle investigation, in differentrdains.

Resources neededunding for organizing a workshop

Action 2:Climate data availability and statistical analyses for climate attribution

Time eries of both numerical experiments and direct observations include a largeanteral variability.
Forfuture projections based on past data, and for the attribution, it is important to be able to analyze the
variability and identify the causes.Available data need to be identified and shared. This can be done
G§KNRdAK | aOf AYl (S atipeslelahdéthe arghR& Elatabase. A Ketnon€iratyt (ihat
could be used for many other data sets will be soon avail&@ghisticated and robust statistic methods
need to be developedrlhe relative reduction of the ground temperature increase observeihduhe last
decade or the solar signature could be good candidate for such investigafioaks.a group alesly exists
within IPSL: SAMA.. itNin the LABEXt is proposed to organize dedicated workshops to share the expertise
and present some of the chafigescorresponding to specific LABEX issiéss action will be coordinated
with WP2.

Resources neededunding for organizing a workshop.

Action 3:Arctic data portal

A data portal linking existing observational datasets at high northern latitudesrgadil be created to
addvalue in terms of new data analyses and model developments and which would also be useful for the
IPSL global modeling communitiyjhe LABEXArctic data portalwill be complementary to and builds on/
contributes to other national #orts. In particular, this initiative would be carried out in collaboration with

the OVSQ Arctic Network and will use existing data infrastructure ESPRI.sSofudata from othe

institutes need to be identifiednd direct link providedin the portal This action also belongs to WP1 and

0P ¢KS a/ KFEYGASNI ! NODGAIjdzS¢ LINRPALISOGAG®S s+ a | I22R
is planned to discuss, among the Labex partners, the collaborative work including the links between
observatiors and modeling studies. The process of hiring a postdoc fellow to carry out this action is on

going.

Resources neededunding for organizing a workshop, invite a senior researcher working on coupled issues
related to Arctic climate change and evaluatmirclimate model performance in this region.
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Action 4: Lidar strategy

IPSL has developed a strong expertise in lidar technology. Many applications for ground network, onboard
planes, and from space, are envisioned. Adlsth proposed instruments are diffent but are using similar
expertise. To conduct an optimal development of the future innovative instruments, dedicated workshops
have been held and will continud strategic document has been written. A powerfulvdvelengths lidar

to measure the aerosdize distribution from ground to the tropopause was designed and funding partners
identified. The next project will concern the water vapor airborne lidar. This action will be coordinated with
WP3. Within the LABEX, attention will be paid to GES obsengatihis action will be coordinated with
WPL1.

Resources needednvited senior researcher expert in lidar and other waper vapor techniques

Action 5: development and shared use of analytic platforms

Climate change research will benefit frotretcoordinateduse ofthe existing platforms.

- Most of the IPSL laboratories benefit from their location in or around Paris to develop observations
related to air composition. The large spread of their implantation at different locations provides a valuable
network that needs to be coordinated. This will enable the study of local emissions in the Paris megapole
on regional air quality and global atmospheric composition.

- Another area concernanalyti@l laboratoryinstrumentation within EIPSL laboratories. The builgh of

such coordination, for instance in LSCE and IDES, has started and was supported within the initial phase of
LABEX. The LABEX will help to further develop shared use of these platforms within LABEX laboratories, and
to coordinate efforts with other istruments in other laboratories.

Resources needednvited senior researcher expert in air quality
Links to other projects

The isotope working group will benefit from the ongoing experience of Wsibiso project
(combination of satellite measurements, FTIR, Picarro and GCM outputs for Siberiangdgion
Jouzel)The introduction of water isotopes in the OceaModel s being ealised through the Past

4 Future project (J.C. Dutay). The group is also involved in the ISOTROPIC ANR project, designed to
better understand water cycle and related coupled modeling uncertainties through water vapor
isotope measurementsThe Arctic datgportal work at EIPSL will be linked to national efforts
related to the Chantier Arctique and to international data catalogs.
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A Transverse Work Package Bssessment of uncertainty in climate diagnostics
and projections

Main objectives and strategy

The obgctive of this transverse work package it to strengthen strategies and methodologies across the
different WP for assessing the uncertainties associated to climate diagnostics and projections. The work is
divided into two major tasks. The first one will keause of scientific expertise developed in the different

WP to improve the characterisation of the cascade of uncertainties from the climate forcings to the
regional climate response focussing on model skill and the understanding of model uncertaihges. T
second will provide the scientific ground, climate indicators and methods that are needed to characterise
the uncertainties in the different model outputs and to evaluate climate indicators that are used in impact
or adaptation studies. New scientifiedelopments are needed to achieves these goals and the outcome of
this TWP will be of direct use to define the innovation and expertise transfer strategy related to the
dissemination of key results on climate change and variability.

This requires to:
1) gather the key analyses and methods used to characterise the uncertainties in the different WPs;

2) develop a common expertise to qualify and quantify the uncertainties considering the different sources
of errors inherent to model structure, experimentaigpocols used to run climate simulations, downscaling
strategies or statistical analyses;

3) offer a forum to discuss model evaluation considering both large scale and regional scale simulations,
including specific targets on user oriented questions.

Inthe long term this will provide

- A quality assessment of the IPSL climate projections considering large scale and regional simulations
(linl with WP2 and WP3, TW1 and TW2)

- A suite of key diagnostics and examples to qualify, quantify and understand maoabekertainties,
including a focus on variables of interest for impact studies and adaptation (all WP and TW1)

- A documented catalog of methods to assess model results depending of the scientific objectives
(WP2, WP4)

- An analyses of the sources of uncertai@$ of the suite of climate indicators computed from climate
simulations or from impact models (link with WP4) that will be distributed and used to characterize
the impact of climate change on the environment of society

Contribution to the midterm keyissues

For the next two years the focus will be on the characterization of model performances and uncertainties in
the different analyses performed along the 5 major issues identified to be the majeremmidfocus of the
LABEX
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Action 1. Development oiew methodologies usingnulti-model ensembles

Several gaps have already been identified in the IPSL community concerning the use of different types of
model ensembles. A first action will be to share the different practices across thepackages. Thiglso

includes the specific analyses of model ensembles needed for decadal prediction as part of WP2. There is
thus a need to organize specific seminars and internal workshops for large scale diffusion and common
development of new methodologies.

Reportirg on this action will be done in the next action plan (no LABEX funding yet)

Action 2:Gather keydiagnodgics for model evaluation

Model evaluation is a key component of the estimation of uncertainties. An objective is to gather the key
diagnostics that are used in the different work packages so as to build a suite of evaluation tools that can
be used to assess different aspects o¢ ttlimate system. This task is common with similar activities in
TW1. TW3 will in addition, contribute to the transfer of expertise that needed to be provided with the
model results as part of the IPSL model results distribution strategy.

Reporting on ttg action will be done in the next action plan (no LABEX funding yet)

Action 3:ldentify and diffuse lest practices and statistics

Statistical methods play a key role in climate analyses to isolate modes of variability or extreme events, or
in downscalingand corrections of model output to be used in impact studies. This activity is spread in
different projects and an objective of TW3 will be to organize the return of expertise and the diffusion of
the best practices across the WP. This will be done ialswhtion with all the WPs. Key topics to be
discussed across the waplackages will be defined with the help of the research committee. A first priority
will be given to downscaling methods and on methods used to isolate and correct model biases.

Repoting on this action will be done in the next action plan (no LABEX funding yet)

Action4: Estimate and understandncertainties in key climate indicators

The growing use of model simulations for impact studies or the development of adaptation strategies
requires new developments in the way model results are provided to the other communities and in the
presentation and scientific discussion of the different uncertainties. The production of climate indicators in
WP4 will serve as examples on which spec#geasment of uncertainties will be performed. Cross meeting
will be organized between WP2, WP3 and WP4 to discuss uncertainties at the regional level and to
specifically assess how model reproduce the key indicators that will be developed inTW®4villbe
achieved through a postoc position open, coordinated with WP3 and WPA4.

This action is conducted jointly with WP4.-per postdoc was hired in Spring 2013.

Action 5:Assess the diérent sources of uncertainties

Clear assessments of the resultat are provided to other communities are needed. However it is difficult
to find its way in the numerous sources of uncertainties, their characterization and their impact on the final
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result. In a first step TW3 will foster the synthesis of ongoing warkprepare a work plan concerning the
different scientific action needed to tackle these new subjects. This will be done through the participation
of IPSL members to different international and national projects and meeting and the organization of small
IPSL workshops. The first year will be used to establish the catalogue of key emerging scientific questions
on these topics and the level of implication of IRBBEX

Reporting on this action will be done in the next action plan (no LABEX funding yet)
Links to other projects

IPSL members are already involved in European or national projects in which some of the points listed
above are developed. The value added of TW3 would be to organize the return of expertise of these
projects and to propose more pemaial activity. It will also help to identify questions and results that will
further benefits from a transfer of expertise as part as the labex valorization strategy. Interactions-with IS
ENE EU-mfrastructure and DRIAS project for the understandingusdr needs and the identification of

gaps in research activities.

2.4 Research: Provisional Budget for the mid -term

The LABEX budgist proposedon a yearly basis with ay®&ar perspective. This is illustrated in the figure
below. Projects that are matarhave a proposed budget in the 2012 adm action plan, to be decided
before July 2012. Less mature projects requiring a few months of brain storming (during Fall 2012 and
winter 2012/2013) and have an envisaged budget here. A new research budget itimpesll be made in

Spring 2013. Projects envisaged for starting in 2013 can be matured and will be budgeted in the 2013
action plan.

Mid-term research budget evolution

June 2012 June 2013
Action plan 2012 Action plan 2013
310,000 Euros
it
e
555,004 Euros I
September September September September
2012 2013 2014 2015

v
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The 2012 action plan includedbudget of

T onZnnn Sdz2NPa F2NJ FYyAYFGA2Yy I AY¥Aug§ DIBIpdriods 2 NJ & K 2 LJa

1 525,000 euros for research actions. The nature of expenses mostly consists in salaries (post docs,
ingeneers) and invitations (travel and stay).

1 An indicative budget of 245,000 euros for actie to be decided in Spring 2048as envisagedThe
proposed budget is 310,000 euros is actually propos#dalso includes 30,000 euros for animation
and workshops.

The table belowsummarizes the proposed funding for mature actions for the -®itin research action
plan. Actions proposed for fundingré@nge lines when decided in 2012 and blue when proposed in)2013
are distinguished.
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Dates / Mid-term FIOPESEE) | [RTIRRCE
Proposed funding and laboratorginvolved schedule WPs lssue budgetin | budget in
2012 2013
1 Year postloc for the development of alata|Jan--> Dec
base on Water Isotopes IDES/LMD/LOCEAN/L 2013 LIRS (e & =
1 Year postloc for the development of muk
archive integrated age model Mid 2013--
’ . WP5 Issue 1 45
IDES/LOCEAN/LSCE > Mid 2014
2 Yeamost-doc to study the role of volcanism | 2013 and
the last millenium LATMOS/LMD/LOCEAN/LS( 2014 WP2WPS5 |Issuel 90
2 Year postloc to study the changes in the WPLWP3 | Issue 5
transfer between land and ocean in the Arg 2013 WP4 and 4 90
region LOCEAN/LSCE/SISYPHE
i\llear Engineer to develop the Arctic data po 2013 TWP2WP3 | Issue 4 45
L : Issue 5
linvitation of expert for the development of tim
of emergence indicators LMD/LOCEAN 2013 wp2 imd Issug 15
. Issue 5
2 Years postloc development and evaluation ¢ 2013 and WP4+WP3 and  lssue 90
indicators ALL 2014 TWP3 3
2 years engineer modéb facilitate model resultg
analysis and to set upnew IPSkmodel 2005 am TWP1 Issue 90
: : 2014 12,35
configurations
Invitation ofan expert on cycles interactions | 2013 WP1 Issue 2 15
Workshopsand animation 2012013 All All 30
1 Year posdoc on Grand Challenge issues
LGM and future climate sensitivity, and palg 2013 and|,, ., Issue 1 50+10=60
cloud workshop 2014
Invitation of Scientists in the framework of t 2013 and|,, ., Issue 1 20
WCRP Grand Challenge 2014
2 Year posidoc regional modeling of th
intermediate scale in West Africa, andcloudg | 2014 C Issue 1
circulation feedbacks WCRP GC on clin 2015 WP2WP3 and3 100
sensitivity
Visit of scientiss on water vapo observation Issue 3 _
over the Arctic regiomnd on PBL (SIRTA) 2014 WPs3 and 4 15+5=20
1 year postdoc (co-funded LABEX MER) 2014 WP1 Issue 2 25
1 year posidoc support to IPSL modell End 2013- TWP1 Issue 55
developmentand tuning End 2014 1,2,35
Workshopsanimationfor 20132014 30
Total 555 310
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3. Innovation and expertise transfer

Climate research teamsand in particular IPS{_have built scientific knowledge and technical tools tisat
transferable beyond the sole realm of researéh stronger and more integrated link between climate
science and society is therefore required build this transfer This will steer employment for students,
further use of IPSL science in many domains, and new scientific questions, sometimes fundamental from
downstream applicationsThe LIPSL neeslto design an adequate strategy to spread climate knowledge
and the associated tools and services, that (1) it makes sure that its evolving expertise and the
associated uncertainties and limitations, are fully taken into account, but also that (2)atkdiioew
structures are set up to provide the necessary help to confront a huge demand which is well beyond the
capacity of HPSL alonelhis strategy requires involvement of the scientists.

The capacity of-lPSL to transfer knowledge and innovation @mne several domains:

winnovative instrumentation for environment observation and monitoring;

No

w LYyy20F A0S Y2RStAy3I F2NI SYyGANRYYSyid LNBRAOGAZ2YVT

w S5A&A0GNROdzAZY 2F OfAYFGS AYyF2NXYIFGAZ2Y FYR Faaz20Al

w ! RGIYyOSR YI G§KSYI { fic@)lniethodlsft@ deinbi& dbaehditiGhs andirodel r@sults
for monitoring, forecasting; downsdang or uncertainty assessment.

In each case, a specific strategy for innovation and the creation a value is needed atdwysif the HPSL
will be twdfold:

1 to develop autonomous initiatives, relying on its strengths, or those of its sponsors to develop
training programs with the universities or communication actions toward the public ;

9 to develop a stronger partnership with industries and SMEs and use themestovs of Knowledge
transfer, in particular through noracademic partners.

3.1 Innovative Instrumentation

L-IPSL scientific priorities concerning the monitoring of climate require the development of instrumentation
for all possible platforms: ground bad, airborne, within the ocean, from balloons or ships, from space
missions. The observational strategy implies to monitor key parameters on the long term, with multiple
parameters being observed and analyzed at collocated instrumental sites. The oastidevelopment of
innovative instruments and analyses is absolutely necessary to calibrate the measurement networks,
increase their reliability. This part will be addressed byPZWt naturally leads to a transfer toward SMEs

or larger companies.This transfer is necessary for lo#grm climate monitoring, which require
development and operations dferies of identical instruments, with operator institutions that are not
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necessarily within research teams.

The figures present a few of major instrumentdPISL facilities, lidars, maggectrometers as an example
of past IPSL instrumental use or development:

Based on developments of prototypes by research laboratories, transfer of knowledge is necessary to
ensure thg longterm observing strategyThe objectives of-IPSL will be to transfer a few instruments or
part of instruments or innovative algorithms or methods.

In the action plans for the first 3 yearsne of the task will be

1 to choose the instruments which could be transferred to indugtr First of all, the criteria of our
choices have to be defined. A selected strategy for the most mature instruments (lidars, analytic
plate-forms..) will be defined taking in to account in particular the results of the working group of
the technical diectors of the laboratories. to further develop strong existing links with industrial
partners, a network of SMEs and Public agencies. In the framework of tieSL, we will reinforce
or organize relationships by building a network and built procedur§’o SELISNI A &Sk al R
instrumentation, algorithms for SME , industrial companies. TREPEL will also implement tools to
help researchers to find financial supports ( ANR ,SESAME, Kic CLimat).

In 2012 2013,1PSL activities have been the following:

1 Lidarinstruments: LIPSL will help the development of new generation for aerosols and H20O lidars.
This is a Common action with TW2. The strategy will be from one side to start a new innovative lidar
system development for the atmospheric water vapor measment with several objectives: answer
to research, on a middle term a transfer to industry to answer to the requirement of continuous
observations both for operational network and research climate observatories). On the other hand,
within two years, highperformances multispectral lidar observations will be performed continuously
as long term observations.

1 Aninnovative instrumentation committee has been implemented. The first meeting allowed to have
an panorama of IPSL activities. The type of actdgtcould be splinted in instrumentation, codes and
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algorithms. In 2014, the committee will decided for each typé activities those which coulde
transferred to industry for benefit of IPSIBusiness studied will be planned.

3.2 Modeling and innovative methods

For modeling applications, the generalagergy of HIPSL will be to favahe use of its codes througbpen
access, and help develop specific applications with SMES, agencies and other inpadtrats, through
specific pilot projec whose products could be spread or commercialized. These specific applications will
then be spread in a commercial mode for users via the SMEs and industrial pafthersffer of service
concerning model studies should not concern the codes and the lukdas onlybut also the transfer of
information and expertise for an optimized use. This will be favored byotiganization of a user
community (involving other academic laboratories, industries, SME or pidaision makers), that will also

use by thenselves some of the offline components or impact modiilss providing incentive for an easier
access to simulations, more explicit documentation.

3.3 Distributing the results of climate r esearch, projections and their
uncertainties : climate services

Distributing the results of climate resear@nd specifically climate projections for adaptation needs
constitutes a new mission for institutes such as IPSL. diiisbution is now an international task, in
particular through the IENES / FENES2 profgs. Dataproduced by the CMIP5 and CORDEX experiments
amounts are huge (1d®abyte for the sole IPSL modael preparation of the next IPCC AR5 report). The
complexity of the task should grow by one ordentdgnitude every 5 years. Distribution uses stamized
international technologies, because thieternational community is evolving from the use of a central
facility to the development of afnternational distributed database, for which IPSL will be a distribution
node.

In 20122013 a strategicO2 YYAGGSS F2NJ Ot AYIFGS &ASNWBAOSaA 0a0Sft ¢
Of AYIF Al dzS¢ 0 aévalopedl & dlimatizistvicd sirateffyise® draft version in Appendix 2)
designed to becoordinated at the national level with METEBRANCE and CERFRAand at the
international level through the participation to a network of European climate servicasd various
COPERNICUS projectke strategy relies ofour mandatory components of a climate service:

Climate projection data distribution, includingncertainties
Access to expertise

Development of prototype projects with userand SMEs
Development of methods, tools and softwares

=A =4 =4 =

Data distributionwill be done in particular through the development, in coordination with Mekgance,
of the two data portals DRIAS and PRODIGUER, together with other institutional partnessofidieated
serviceghat could beoffered (the national strategy is stillnder developmentpy the two portalsare:

V6-04/10 /2013 45



1 DRIAS, lead by Metebrance,will address national issues and a large variety of users with refined
climate projections over France

1 PRODIGUERead by IPSLwill address global to regional issues, with a more resgaoriented
I LILINB F OKZ Ay Of dzRA yalowing/aco@ds 16 la totnfuking poivekhets userS éould
develop their own analyses of climate projections.

The EIPSL will feed the DRIAS portaldgveloping andising downscaling techniques in orderproduce
climate projections at the scate the French territory.

The main elements of the strategy can be summarized as:

9 Strengthen the PRODIGUER portal so it can face the growing demand on climafehdateill be
done using existing resources atidrough the hiring of an engineer with INSU funding

1 ollect information on all existing-IPSlprojectsand softwarewith climate services objectivesd
developing a specific IPSL portal on climate services projébts: will be done using existing
resources.

1 Construct nationascale downscaled new data sets from CORDEX and/or CMIP5 to feed the DRIAS
porta:¢ KA&d gAff 0SS R2yS Ay &adzZlJ2NL 2F GKS dzLRIGS
funding. A postdoc is being hired for this.

1 Constructseveral addedialue referencedata sets(bias corrected data, indicatorsThis will be
done usingexisting resources and LABEX resources starting in 2014.

91 Developa few starter projects with SME$his will be done through a call for small projects in
2013, with LABEX funding and danding.

In addition, the way APSL and international climate and indicator data for adaptation services could be
distributed will be discussed and defined within the new Climate KiC project Climate Data Factory. This
projectwill help design such a service and define IP rules and potential market.

Theinvolvement of researchers, emgiers in this climate service approach ahd strategyfor the access
to expertisewill be defined through discussions in several meetings at4RSL and national levels.

There are currently several programs developing interdisciplinary projects (GIS Climat Environnement
{20ASGS DL/ /3 [ EAYFGS YA/ I CtT1 LINRCErOgeandeveXa F2 N
particular link to the ISENES projeand related data portalsvill be set up Copernicus projects CLIPC and
EUCLEIA will help design fmgerational climatechange services on climate data and extreme events
interpretation and attribution Newways of sipporting such actions may be discussed at the national level,

within the strategy that will take place in the framework of the Alliance ALLENVI.

3.4 Budget

The initial budget for 201%as dedicated to support:

T aOKIFNBS RQIFIFFFIANBG (G2 AYAOGAFGS QGlLf2NRAlFGAZY
9 Lidar instrumentation
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1 Informatic equipement to reinforce IPSL network and climate data storage

1 Support to data analysis

Toimplement the action plan 2018 H n mn £ |
below summarizes thmitial fundng for 2012 and the proposed funding 20132014

LINE OAaA2Y ) €

0 dzR 3 Bhé taldet

Missions

Budget estimé | CDD Equipement Autres PME Total

2011-2012 B pensks
Ir Valo 24476 1389 2300 28165
TOTAL VALO GENERIQUE [ 24476 1389 2300 28165
Lidar 62577 35121 97698
TOTAL VALO INSTRUMENTATION [ 100000 62577 35121 97698
infra réseau 52182 52182
baie info 39000 39000
TOTAL VALO EQUIPEMENT INFO [ 100000 91182 91182
Aide données 34852 414 35266
TOTAL SERVICES CLIMATIQUES DONNEES [ 50000 34852 414 35266
TOTAL VALO INITIAL [ 250000 59328 153759 1389 2714 35121 252312
2013-2014

1/2 yr chargé d'affaires instrumentation 25710 25710 2000 27710
Soutien instrumentation Lidar 110000 110000 110000
Total valo instrumentation 25710 2000 110000 137710
Prolongation 1 mois CDD ESPRI 2600 2600
Soutien devp services 34280 34280 2000 36280
Soutien devp services PME 100000 100000 100000
Total services climat 36880 138880
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4. Education and Training

4.1 Main objectives and strategy

During the next decade, the needs for education and training on environmental changes should increase
largely,because political and economecisions will have to take global changes into account from global

to local scales. This will concern all aspects of our sspoomic system, from citizens to governments,
from start-up initiatives to international companies. New opportunities of caseeill appear, the skills for
existing jobs will be modified by environmental policies and training all along the professional life will
become a more critical issue. Teaching on climate has developed since 20 years in close relationship with
research agvities. It has reached a good maturity, making possible and necessary its spread beyond the
research community through projects of reference textbookdeaning modules, and collaborative
websites. At the same time, the fast expansion of the internatiatimension of research and education,

with a constant motion of students and pedbcs between the major laboratories around the world, is also

an element to add in the education equation. The various master degrees existing on climate isisugs in
France must improve their coordination and be more visible for French studémitis also for foreign
students.

The objective of IPSL, in a very active education and training ecosystem around Paris, is to provide and
improve the bridges between the continusly evolving science developed in the research paflBEL, the
multi-actor highereducation system (universitiegrandes écoleés X0 X FyR GKS Ay ONBSL!
knowledge about climate issues from various sectors of the society.

4.2 Work Axes

Theabovegeneral objective are organized irfive axes for the 20134 time period defined and animated
by the education committee of-IPSL, formed by one professor or assistant professor per partner of the L
IPSL:

A Axis T Improvement of the graduate levedducation on climate in lle de France

A label for master education on climate:ln phase with theplans quinquennauxf the universities, the
education committee propose the development ofCimate path through masters of thelRSL partners

with a joint knowledge base and skills that all graduatedents studying climate shouldave. A labeis
proposed validating (1) a minimum knowledge of climate sciences and (2) minimum skills on observing and
modelling the climate system. The former will be assegbedugh identified teaching modules, either
specially developed for-IPSL, or existing in master degrees. The latter will be based #ielhlworks
organized in the different observing and modelling platform dP8L. Thitabel is an opportunity to
progress toward a (necessaryjarmonisation of the offer of master degrees on climate sciences in lle de
France and to launch a reflexion to make them more attradibrestudents in France but aldor foreign
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Frenchspeaking students worldwide.

An integrated Web platform for informationand orientation: A WEB platform is being developed, to
presentthe education offeron climate and environment itie de FranceThis platform will inform and

guide students towards the best pathways based on theteiiasts and their targeted jobs and skills is
developed in partnership with PRES UnBsekParis and with the support of a contractual assistant hired

by L-IPSlto gather and organize information. The originality of the platform is the search engeuéisplly
developed to sort masters depending on keywords chosen by the students and including skills, types of
jobs, themes or disciplines to study, for instance. The WEB platform should be released at the end of 2013/
early 2014.

A Axis 2: Promotion ofpractical training on climate sciences

Support to lab and field worksLinked with the objectives of axis 1, labedPEL will support the creation

and improvement of the offer of lab and field works proposed by licence and master programs on climate
and environment inlle de FranceThis covers lab works (TPs), field work (e.g. students at sea, weeks at
observatoire de Haute Proverite Xhis practical approacko climate sciencess very attractive for
students. It also allows training students on cleaki experimental and modelling technigues
(sprectrometry, chromatography, optical methods, programming, data analysis sampling of soils waters and
FANE X0 GKFG OFy 0S8 dzaS¥TdzA F2N GKSY gKFGISO®BN Aa
works proposed in the different masters has started.

Support for student projectsStudents having a project to realise during their master can benefit of a
support from EIPSL. Projects can imply bibliography search, measurements, modelling odng afixhe
three. Undergraduated students can also benefit of this support if the subject of their project is linked with
climate and environment.

A Axis 3: Professional insertiorand training

Development oftraining modules for professionalsone objective of this task is talevelop training
modules about climate and environment dedicated to professionals needing minimum knowledge and skills
about the different topics treated within-lIPSL. Three modules are in the process to be created: one on ai
pollution, one on water pollution, and one on climate change and its impacts, linked with the release of the
IPCC AR5 in autumn 2013. We also answer to requests from industrials on dedicated training sessions for
their employees. We work with the CNR®fpssional training group to define our program and also with
similar services in universities.

Improvement and diversification of professional insertion of graduated studeri@ste aim of this axis is to
create closer links between students and their padtal employers including academic and racademic

ones. The promotion of our master programs will be organized for services of human resources in private
companies, which could potentially hire the graduate students 3L partners. Their needs wiafeed

our reflexion to design the offer of formation withirlBSL in order to better prepare students to future
jobs in the climate domain. Contacts have started and will be continued in this direction in 2014.
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Axis 4. Development of dearning

Finalizing ongoing elearning projects Developing dearning content is important both as a complement
to presential teaching and as a tool to largely diffuse training programs on climate sciences. Several on
going projects have been identified and theirdiisation is funded by-IPSL:

- An online module on climate system seen from the point of view of observations and data analysis,
with a very broad targeted public.

- An online module (eclimat : http://broceliande.kerbabel.net/?g=EClimaj presenting a global view
on climate system and on climate change, targeted public being any person with a bachelor in
sciences.

- TheWebsiteaf S Of A Yl ( aSsfieslpidgSestivris 2inked ¢o climate and rolate change,
answered and signed by scientists with different level of complexity depending on the targeted
audience (from large public to specialist).

Pushing for new dearning projects L-IPSL also decided to provide leverage funds to start new projects:

- an onine module on the impacts of thate changeon marine and continental ecosystems, dedicated
to a broad public.

- aninternational master2 on climate change and its environmental,cél, political and economical
implications. This project (in collaboration with Lille school of journalism, E&ins to provide
journalists and communicating people with the scientific notions and the critical skills required to put
into perspective clinate change in current affairs concerning the society.

This axis will take benefit of the videoconfering systems funded and installedR8LLin the different sites
of the LIPSL partners

A Axis 5: Asserting a discipline through the diffusion of telsing and
communication material

After more than 20 years of development, academic teaching about climate sciences has now reached
maturity, which needs to be consolidated to play its full role as part of global chedgeation We
propose to initiate a seriesfaeference textbooks, online material, gathering and synthetizing the existing
knowledge and skills existing amorASL partners about climate sciences. An editor will be chosen and an
e-learning framework chosen to perform these developments, whichb&ilencouraged and supervised by

the education committee with the support of a contractual assistant hired-tB39L. Thematic schools will

be funded and/orproposedand/or advertised to complement existing offer at a national leVélis axis has
alreadysupport to some summer schools and will start to develop its own activities in the second half of
2013.
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4.3 Mid and long term objectives

The education committee, with the support of education assistani:

define the label for graduate education odlimate sciences

prepare a joint text forplans quinquennauf universities at master level

international networking to develop links with foreign partners for student exchange

define and coordinate the development of a Web site dedicated to alPISL ducation actions
FAYLEATS GKS 2SS0 {AGS yIYSR atS OftAYILG Sy |IjdzSa
propose and coordinate the first actions aboutlearning.

propose and coordinate the first actions on professional training and insertion

=4 =4 =4 4 -4 -4 4

Training the trainers will allow to largeilycrease the impact of the transferred knowledge and skills. The L
IPSL education label will give more opportunities to students in their professional life.

The success of thediéve educational objectives will be assessed through a set of visible dddlesra
Within 10 years{lPSlaims:

i to improve the national and international visibility of APSL universities an&Grandes Ecolewith
more international students in the masters, renewed and harmonized contents, completed by
regular attractive internatioral thematic schools proposed or supported bylRSL;

i to have a collection of consolidated teaching resources dedicated to a quantitative description of the
GO9I NIK aeadsSy aoOAaSyoSas |-I@erindg madileS anil yull @dgiddis? dz&
textbool 8 S0 aAAUGST GNFXAYAyYy3 Y2RdzZ Sa F2NJ Ay¥Ff dzSyOS

1 to have closer links and more opportunities in terms of jobs for graduate students, by improving the
links with non-academic companies and local authorities.

4.4 Budget

NOM MONTANT NOM MONTANT

Subvention L

IPSL 150000 |Salaires CDD 53202

CDD ingénieure pédagogique (Axe 42421

CDD ingénieure pédagogique (Axe 10781

Equipement 77869

Réseau Ethernet (Axe 1 & 27000

Vidéoconférence (Axe 1 & - 49959

Fonctionnement/Actions 34385

Missions ESJ (Axe 3 & 2011

Soutien IPICS (Axe 1500

Soutien formation LMDZ (Axe 1 & 1700

Site WEB le climat en questions (Axe 24425

Soutien université & mer (Axe 5 4749

TOTAL 150000 TOTAL 164073
Différentiel 14073
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L-IPSL Labex

Appendix A : L-IPSLLABEX
Initial programs report

Research Actions
June 2013

In the initialphase (201X early 2013), the LABEX research program focused on actions that could
both be developed rapidly and satisfy the objectives of the LABEX. Three types of actions were
proposed, on the basis of responses to internal calls. These actions areasizeurbelow.

1 Invitations of foreign scientists toIPSL laboratories for a short period of timeg(@nonths:
seven scientists were invited, gave seminars and participated to the definition of new
projects with several laboratories ofBSLThe main agons are reported in the following;

1 Projects integrating IPSL laboratories with one of the new LABEX partners (IDES and
SISYPHE): 2 projects at IDES and 3 projects at SISYPHE, designed to build new or to
strengthen previous collaborations with IPSL laborias were conducted and are reported
in the following;

1 Projects strengthening or developing infrastructure resources for the development of the
LABEX program: the main priorities for common infrastructuresIiPSL were defined and
implemented by TWP1 @nTWP2, and are reported in the following.
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Visiting scientists program

9 Pr. Steven Clifford

1 Dr. Amato Evan

1 Dr. Jerome Fast

9 Dr. Hema Hachyutan
9 Dr. Andrav Heymsfield
9 Dr. Peter Raymond

9 Dr. Alessandro Tagliabue
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1 Pr. Steven Clifford z Lunar and Planetary Science Institute (Houston,
USA)

Project Title: Y2 RSt Aal GA2y RS fQAYFtdzSYyOS Rdz NBOKI dzF F¢
pergélisols terrestres et planétaires.

Labex sponsar WP4

Dates: (2 months)

A DESCRIPTION OF MAJOR SCIENTIRACCOMPLISHMENTS

Steven CLIFFORD took part in the development of 2 research programs within the Planetary

Geomorphology group of IDES (UMR 8148):

1. Several meetings were done, mostly focused on a new research program about the
numerical modeling of theclimate warming on the stability of terrestrial and planetary
permafrosts. This typically muHfield program implying S. Clifford and three other
laboratories partners from the HPSL was initiated:

- IDES: F Costard (DR.), A Saintenoy (MCF), M BiaihM@éi), L Dupeyrat (MCF)
-LSCE: CH Grenier (CR), E Mouche (CR)
-LATMOS: V Ciarletti (Pr), M Dechambre

Following these meetings, it was decided to focus the research on the effect of the pressure exerted
by the interstitial ice during the formation of theermafrost
2. New interpretations of the MARSIS mission data (MARSEXPRESS, ESA): application to the
Northern plain of Mars.

Besides, the visit also helped to strengthen collaborations on planetary science: The aim of this study
is a pluridisciplinary appexh dedicated to the interpretation of radar sounding (Marssis data) focus

on the northern plains of Mars. That program imply various laboratories lab&RSIL(
geomorphologist from IDES (F. Costard), physicist (S. Clifford), geophysist (V. Cianeds).Lat
During his stay at Orsay, S. Clifford, together with Mouna PettitJean (M1 student at IDES) and F.
Costard carried out a GIS showing the correlations between the fluidized ejecta craters, the supposed
limit of paleashorelines and the permittivity vaés of the Martian ground ice.

A SEMINARS

1 The martian cryosphere, July 12, 2012, IDES
1 The Climatic and Hydrologic Evolution of Water on Mars, Nov 14, 2012 at LSCE.

A PUBLICATIONS

Clifford S. F. Costard and M Petitjean, V. Ciarletfipuginot J. and Parkell. Widespread
occurrence of volatile rich ground ice in the Northern Plains of Mars. Icarus, @pgration.
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1 Dr. Amato Evan z University of Virginia

Project Title:

scales

Labexsponsor: ~ WP3

Dates: June 1, 2012 May 31, 2013

Development of a theory for landceanatmosphere coupling on decadal time

A DESCRIPTION OF MAJOR SCIENTIFIC ACCOMPLISHMENTS

Summertime precipitation over the Sahel region of West Africa varies on a multitude of time scales,

from synoptic variations in the intensity and location tbe rainfall, to the decadal sesaw of

RNRAZAKG FyR agSié

LISNRA 2R&A D

GAYS

hy €2vy3

meridional gradient of tropical ocean temperature forced changes in the intensity of the monsoon by
altering regional surfae pressure gradients. But on intraseasonal time scales recent work has
demonstrated that monsoon precipitation is instead highly sensitive to changes in the temperature
of the Saharan Heat Low; a region of the Sahara Desert exhibiting the highest sanfgerdtures

of West Africa.
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Figure 1 Time series of SHL surfa
temperature. Plotted are mean summertimg
surface temperatures averaged over th
Saharan heat low from reanalysis ai
observations at Tamanrasset, In Salah, 3
BBM Algeria. Much of theesearch visit wag
dedicated to understanding the source ar

The major research result stemming from this
visit was to reconcile this disconnect between
the distinct factors thought to be controlling
Sahelian pregitation by developing a theory
for monsoon variability that is consistent at all
time scales. We determined that, via the
greenhouse effect, small changes in water vapor
in the atmosphere over the Sahara Desert alter
the thermodynamic structure of the Satan
Heat Low, thereby modifying the monsoon
circulation and precipitation across the Sahel.
Interestingly, we also found that as the
temperature over the healow region rises, the
resultant effect on the regional circulation is to
advect more moisture irto the Sahara, thus
further warming the Sahara. We established

OKLF G I \lafet KvapedAgvection
¢ SYLISNI G dzNB ¢ o{2!¢v0 T
fundamental mechanism controlling

precipitation across the Sahel on long time
scales, the dynamics of which is congisterith

the synoptiescale meteorology of the monsoon.
We concluded that the role of the ocean and
meridional gradients in tropical sea surface

temperatures is to modify the flux of moisture delivered from the tropical Atlantic into the Sahara,
thereby seting in motion the feedback described above, and explaining the observed correlation
between ocean temperature and monsoon rainfall.
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A TEAMS INTERACTED WITH AT IPSL AND ELSEWHERE

1 C. Flamant (LATMQOS), S. Janicot (LOCEAN), F. Hourdin (LMD), B. Martict8é&)aAXL Saci
(ONM Algérie), Remi Losho (LISA)

A SEMINARS

1 Water vapour and the Heat Low: A new theory for interannu@dcadal scale variability of
Sahel rainfall,h 6 a SN GA2ya S Y2RSt A al,(Fetafy 2818, f QK dz)
Jussieu.

1 Water vapour and the Heat Low: A new theory for interannu@écadal scale variability of
Sahel rainfallJanuary 2013, Jussieu.

A PUBLICATIONS

i Evan, A. T., C. Flamant, Lavaysse, C, Kocha, A. Saci, 2013: Water vapor over the Sahara
Desert and drought in the Sahefciencesubmitted.

1 Evan, A. T., C. Flamant, 2013: Lawtarratmosphere feedbacks in an idealized model the
West Africa monsoonJ. Amate, in progress.

i Evan, A. T., L. Dehan, C. Flamant, 2013: The SWAT feedback in a high resolution model of
West Africa.J. Climatein progress.

A CONFERENCE PROCEEDINGS

1 Evan, A,, C. Flamant, C. Lavaysse, C. Kocha, 2013: Water vapour in the Sarahhoviiefat
new theory of interannual to decadal scale variability in the summertime circulation over
West Africa.EGU General Assembly Conference Abstracts 15, 12262

1 Evan, A., 2013: On the coupled response of the equatorial Atlantic to West African dust
outbreaks.EGU General Assembly Conference Abstracts 15, 12337.

A FOLLOW UP ACTIONS

In addition to publishing new results, the following activities are planned in order to continue to
develop and test this new theory of monsoon variability on long time scales.

1. Conduct highresolution, idealized, numerical experiments over West Africa that are
designed to test the SWAT hypothesis. These numerical computationally expensive model
runs are being conducted at the Scripps Institution of Oceanography, with initiaultss
expected in five weeks.

2. Perform lowresolution experiments in a global model of the atmosphere and ocean also
designed to test the SWAT hypothesis. These experiments will run over a longer time span,
roughly 30years, and will include ocean couplingCollaborators at the University of
Wisconsin have performed several of these model runs and initial results are expected
shortly. We are hoping to conduct similar model experiments with the IPSL GCM.

3. Prepare and submit a proposal for the NSF to furtr&tudy water vapor over the Sahara
desert. This work will focus on the synopticale response to changes in water vapor over
the heat low and will include funding for new instrumentation to be deployed in Algeria, in
collaboration with ONM.
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91 Dr. Jerome Fag z Pacific Northwest National Laboratory, USA

Project Title: Regional scale modeling of trace gases and aerosols in the Arctic
Labex sponsor:  WP3TWP2
Dates: January 8, 2018 March 7, 2013

A DESCRIPTION OF SCIENTIFIC ACCOMPLISHMENTS

One focus of theesearch visit was on the role of local pollutant emissions in the Arctic. Jerome Fast
attended a data workshop associated with the EU ACCESS (Arctic Climate Change, Economy and
Society) project (sebttp://www.acesseu.orgj on air pollution impacts in the Arctic, in Germany
(January 2222, 2013) to become more acquainted with the 2012 (DLR) aircraft campaign when
measurements were collected in ship plumes and around oil/gas platforms off the coast of northern
Norway. One important modeling issue is being able to simulate the marine boundary layer
accurately, since this will greatly influence dispersion of plumes of black carbon and other emissions
from ships and oil platforms. Alternative boundary layer paratzateons were tested in the WRF
model to see if one performed better than another and was able to show tiAeynmetric
Convective Model (ACMycheme produced more realistic spatial variations in the marine boundary
layer. Following discussions withrDJon Pleim (US EPA), the developer of ACM, the code was
modified so that it could be coupled with chemistry in the model and be more useful for this type of
study looking at transport and dispersion of pollutant plumes in the Arctic boundary layer.

Another focus of the visit was on the importance of gas flaring emissions that have usually been
neglected by most modeling studies. This was motivated by recent results (Stohl et al., ACPD, 2013)
showing that as much as-80% of surface black carbon (BC) ihet Arctic could come from this
source as well as from seasonal variations (winter max.) in domestic heating emissions. A series of
quasthemispheric WRFChem simulations were performed to investigate the role of flaring emissions
on BC concentrations ifmé Arctic. Test simulations were performed for March and April 2008 when
several research aircraft were deployed in the Arctic as part ePIPIYARCAT that collected BC

data. Simulations with two anthropogenic emissions inventories (from the EU ECLIBjgEt and
POLMIP (POLARCAT Model Inteicomparison Project) were used which have different distributions
and magnitudes of flaring emissions, particularly at high northern latitudes over, for example, Russia.
An example of the preliminary results is shobetow in Figure 1.
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Figure 1 : Comparison between preliminary results from the \WEiem model (red) and
NASA DC-8 aircraft black carbon observations collected in April 2008 over the Arctic. Data
courtesy of NASA DEB (Y. Kondo/ M. Koike, U. Tokyo).

A TEAMS INTERACTED WITH AT IPSL AND ELSEWHERE

Jerome Fast (PNNL) mostly worked with scientists in LATM®&&thy Law, JearChristophe Raut,

Gerard Ancellet etc.). He also discussed with students and postdocs on modeling issues associated
with the use ofhe Weather Research and Forecasting (WOREm) model and gawseveral informal
WRF-chem tutorials describing details of the assumptions behind the model, including the use of the
model forstudies of aerosalloud interactions. He also interacted witiestists in LMD and became

more familiar with orgoing research capabilities and activities in IPSL.

A SEMINARS

1 oEvaluation of WRFChem Simulations of Carbonaceous and Inorganic Aerosols over
California using Measurements from the 2010 CARES and CalNex el d Caatpai gns
LATMOS, Jussieu (LabexIPSL seminar)

1 fADownscaling Climate Model Predictions using Consistent Physics between the CAM5 and
WRF Mo dat¢ LMD) Ecole Polytechnique (joint IPSL LabexRegional Climate
modeling Pole seminar)

These seminardescribed recent research activities associated with modeling aerosols, clouds, and
their interactions using the WREhem model. Discussions with members of the Pole took place after
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the seminar about downscaling issues.

A CONFERENCE PROCEEDINGS

i Fast,J.D., K.S. Law, J. Thomas, B. Quennehen;Q. Raut, Z. Klimont, PL Ma, B. Singh,
P.J. Rasch, QuasHemispheric Simulations of Black Carbon Transport to the Arctic using
the CAM5 Physics in WRF, A Annual WRF User $28 Juhéo20X3s h o p,
Boulder, USA.

A PUBLICATIONS

1 At least one paper on these results is anticipated.

A FOLLOWUP ACTIONS

This research collaboration is ongoing in terms of further joint analysis of the model runs. Several
sensitivity runs are also being performed to look atsiesitivity of results to different emission

datasets and the impacts of wet scavenging. Preliminary results from this work will be presented at the
upcoming 1 Annual WRF User 6s Wor k2 Bune20i3has Betl asladteer ( US
AMAP expert goup meeting in Potsdam (8 June, 2013).
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91 Dr. Hema Hachyutan z Anna University, Chennai, India

Project Title: Joint collaboration for the study of Indian Monsoon
Labex sponsor:  WP5
Dates: December, & December 30, 2012

A DESCRIPTION OF SCIENTIFIOBJECTIVES

The Indian subcontinent and the adjacent seas are the location of a strong monsoon system, which
has a profound impact on the soedmonomy of one of the most densely populated areas of the
world. Climate modeling and forecasting are notorioudifficult because the Indian Monsoon is a
particularly complex system, potentially affected by a large array of periodic to-pemoidic
forcings, regional to global in extent, with timescales ranging from interanual changes (e.g.-El Nifio
Southern Osciition-ENSO) to 1810%r orbital modulation of solar insolation. The LSCE, LOCEAN and
IDES have launched several collaborative programs, which aim to understand Indian monseon long
term evolution and millenniagcale variability trough continental and nr@ei records, and the
completion of model/data comparisons (ANR ELPASO, ANR MONOPOL).

Our collection of climatic archives does not allow, however, to properly address the Indian monsoon
paleovariability at decennial to centennial time scales, over thergiiennia. In order to (i) improve

our understanding of paleoclimatic proxies over the Indian subcontinent, and (ii) collect high quality
paleoclimatic records covering the late Holocene, the WP5 invited Dr Hema Achyuthan, Head of the
Geology departmenat Anna University (Chennai, India), and a skethwn specialist of continental
Indian paleeenvironments, with the goal to set up a lotgym IndoFrench collaboration around
monsoon variability. During this seminaiw@ek visit, HPSL scientists interged with Dr Achyuthan

on five main topics: (1) the evolution of the Thar desert and the selection ofdatdt proxies that
could be used for model/data comparison; (2) the prospect of collecting new samples for
dendrochronologic studies in the Keraladaimamil Nadu areas; (3) the organization of a future
expedition for collecting new speleothem series; (4) the selection of coring sites within extremely
high sedimentation rate areas of the Indian margin and the organization of a jointHresah
scientifc cruise on board the french R/V Mari@ufresne and (5) the sampling of a weleveloped

Toba ash layer.

A L-IPSL SCIENTISTS WHONTERACTED WITH Dr HEMA HACHYUTAN

F. Bassinot, D. Blamart, P. Braconnot, C. Colin, V. Daux, D. Genty, H. Guillou, Mhaagelassel,
A.M. Lezine, V. Massdpelmotte, S. Nomade, S. Sepulcre, B. Turcq.

A SEMINARS

1 Late Quaternary environments of the Thar desert, Rajasthan, LOGke.
1 The Young Toba ash layer and its impacf&4ka ago, LSC&llée.
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A EOLLOW UP ACTIONS

The objectives and the practical aspects of this new HRdmch collaboratiom including exchanges
of students- will be formalized through a MOU jointly prepared by Dr Achyutan, for the Indian party,
and by Dr Franck Bassinot, head of WP5.
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9 Dr. Andrew Heymsfield z National Center for Atmospheric Research

Project Title Better understanding of cloud processes and improving remote sensing cloud
retrieval methods in Tropics

Work Package  WPL

Dates: May 14,¢ June 23, 2012

A DESCRIPTION OF SCIENTIFIOBJECTIVES

The aim of this collaborative work was to better understand the mechanisms involved in rain
production in convective cloud system in the Tropics and help to improve their representation in
GCM. During the last two Megffaopiques preparation/M&ation campaigns, over West Africa and

the Maldives, we collected a large amount of airborne radar (RASTA) aitd measurements that

we want to compare to those collected during previous campaigns in tropical area such as TC4 (Costa
Rica), NAMMA (CapVerde, AF), GRIP (Hurricanes, western Atlantic), and the most recent campaign,
ICET (St. Croix, VI). The Particle Size Distributions, Fall speeds, Radar Reflectivity (94 GHZ) and ice
water contents, were parameterised as a function of temperature aretldsr the development of
retrieval algorithms and model parameterisations.

This work also helped to improve our satellite radar, lidar and IR forward models for the current
CloudSat/CALIPSO mission and the future EarthCare mission. Dr Andrew Heymafieldfighe

most famous specialists in cloud microphysics and its expertise is crucial. Our guest has been working
with Dr Julien Delanoé and Dr Jacques Pelon at LATMOS for more than 1 month (May, June 2012),
with Dr Julien Delanoé for the cloud microplogiprocesses and algorithm improvements and with
Jacques Pelon on the validation of IR products. These algorithms are and will be used to build cloud
properties climatologies and help to evaluate GCM (Delanoé et al. 2011).

This collaborative has also mérced our interactions with the mesoscale group at NCAR. The work
done on the normalized particle distribution will be submitted by the end of June 2Ddlar{oég, J.,

A. J. Heymsfield, A. Protat, A. Bansemer and R. J. Ho¢gmmalized Particle Size Disution for

remote sensing applicatigdGR The outcome of this work is illustrated in Figure 1 below. Note that

the CloudSaCALIPSO ice cloud product developed by Dr Delanoé has been used to evaluate ice
clouds in NCAR GCM model (recently submitbegiroved cirrus simulations in a GCM using CARMA
sectional microphysics by Charles Bardeen &t al.

A COLLABORATIONS

1 Validation of CALIPSO/IIR products usiig situ ice-cloud microphysics observations
acquire during the TC4 field campaign (J. Pelon, LATMOS),

9 Size distribution of ice particles betweei®5°C a 0°C (J. Delanoé, LATMOS),

1 Improvement of the microphysics model in the DARD&ROUD algorithm and evaluation
of the relationship between extinction and ice content (J. Delanoé, LATMOS),

1 Improvement of the microphysics model in the RadOnVar algorithm and application to the
radar data collected during the airborne field campaigns Meghapiques 1 et 2 (J.
Delanoé,LATMOS),

1 Cirrus et contrails microphysical properties (V. Noél & H. Chepfer, LMD).
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A SEMINARS AND VISITS

9 Visit to LERMAnd discussion with Eric Defer (23 May 2012)

T { SYAYIFIN) aLOS /I NBEAGIf a YR {y20FI ¢
at LATMOS (24 M&012)

1 Visit to LAMP (Clermont Ferranddnd discussion with Alfons Schwarzenboe@5(May
2012)

lj

1 Seminar «Holes in clouds: what they are, how they are produced, and why they may be

important » at LMD (7 June 2012)

T {SYAYIN) a1 2f Sa Ay Ov theyzRa pfoducdd) and winKtBe§ mady N& =

AYLRNILEFYyGE G [V ¢ah{ omMn WdzyS HAMHDU

Figure 1. Impact of the normalization technique on ice cloud size distribution. The size distrib
before (after) the normalization is shown in the top (bottom) parnkhe dataset corresponds t
measurements acquired during 8 airborne field campaigns in different parts of the globe
Regions, midatitudes, tropics) with temperatures ranging froa80°C a 0°CThis dataset ig
invaluable.

]

A PUBLICATION

1 Delanog, J., AJ. Heymsfield, A. Protat, A. Bansemer and R. J. Hodéormalized Particle
Size Distribution for remote sensing applicatiomo be submitted to JGR.
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