Institut
Pierre
Simon
Laplace

L¢ IPSL LABEX

MID ANDLONGTERMACTIONPLAN
OcTOBERO14

This documentescribeghe mid andlongterm strategy and objectives of the
LABEX program, summarizesst projects and results in current projects. It also
describes researt), innovation and expertise transfer and education

propositions for the miderm and current achievements. It is an update of the
2013 action plan.



This document follows the samergtture as the 2013 Action Plan, in a simplified form as concerns
previous actionslt contains a number of new elements and modifications, summarized below:

Research
1 The general presentation is simplified,
1 The starter actions are not anymore in the PA, but can be found in the PA2013 document
1 A new table (p. 2) is givendr summarizing postioc projects status
1 The research budget is updated (new Section 2.31#L2} and contains new funded actions
1 Intermediate results of the projects in the midrm program are now given in Appendix A
1 Appendix B contains a note in Frereplaining the Research committee actions (sent to all

in July 2014)
1 Appendix C contains the text of the internal call for climate change impacts

Innovation and transfer
An update of innovatin and transfer plais providedPage43
Appendix C contairthe text of the internal call for IPSEMESs projects

Education
An update okducationplans is providedPage 53
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1. Elements of context, objectives

1.1 Elements of context
The EIPSL LABEX is a climate change program hosted by the IPSL federation.
¢KS LINP2SOG>X Fa Ad ol a ILIWNRPOSR o0& (KS aLy@Saidaia

(a) A project to accelerate research in a few directions whiafe key to improve our assessment
of future climate change (but reversely do not encompass the totality of the IPSL research).

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

(c) A project to favor transfer innovative activities from the IPSL totepnal partners, including
emerging companies.

Although their aims differ, there is of course a necessity to maintain a strong consistency between
those actions. This document describes mostly the projected research agenda of the LABEX. The
interactions letween this research agenda and the educational and innovation activities are also
underlined.

The program started in September 2011. The initial proposal described a generéddangision of

the LABEX but no implementation plan. Along the first fewntin® a methodology to design that

plan was discussed. The agenda of the LABEX was then structured into 3 phases as illustrated below
(see Figure 1 below):

1 an initial phase (201X mid 2012) where three programs were proposed in order to (i)
invite foreign scientists to start working on key issues (ii) initiate or develop collaborations
between IPSL and the two new laboratories , and (iii) strengthen IPSL infrastructures
(modeling and data bases) which are required for the future LABEX work,

1 a midterm phase (mid 2012¢2014) where resarch projects will be developed; this
accounts for all projects started in this period, but projects can continue 1 or 2 years after

1 alongterm phase (201%, 2020) where the initial vision will be further developed.

The longterm phase will in practice be initiated after an open workshop to be held in December

2014, in order to establish the lonterm work axes. This workplan (PA2014) is the last of the mid
term phase.

V5¢ 2014/10/27 6



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:Schematic pases of the LABEX program

1.2 Objectives of this document
The objectives are:

9 to recall the main longterm issues, objectives of the LABEX program,

I to summarize the actions decided in the initial phase

1 to summarize the complete research work that is intended in the rte@m perspective to

fulfill the LABEX main objectives,

to report progress made in the ongoing miétrm projects

to propose longerterm issues that should be addressed by the LABEX prograhich will

be discussed in an open workshop in December 2014

i to propose targeted taining, innovation and transfer of expertise actionand report
current results

= =

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 is unequivocal and will amplify in the coming decades due to the increase in atmospheric
concentrations of lordived greenhouse gases. The design of adémapolicies and strategies for
energy use and production, as well as the management of limited environmental and energy
resources require all a rapid increase in our understanding of the climate system and our capacity to
predict its evolution with the lagest possible accura@n relevant space and time scaldhie LABEX
program is designed to provide improved climate understanding and tools, as well as education
actions and a strategy for transfer of expertise and innovation based on the skill andofatbis
laboratories partners of the LABEX.

For the research program, the LABEX project aims at addressing the following key (broad) questions
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(1) How far can weobustly anticipate the future evolution of the atmospheric composition, which
depends on aery large number of factors including sceiconomic drivers?

(2) How can we determine what &ctually predictable in terms of future climate evolution, in a
system that combines anthropogenicalgnd other externallyinduced 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 regional climate evolutions impact environmental resources such as
freshwater availability, air quality, and e&nic and terrestrial ecosystem services including the
maintenance of biodiversity?

6p0 126 OlyYy S aaSaa (GKS LRGSYGALFt AYLI OG0 27F dz
the rapid nonlinear behaviour of Earth System components?

Researchs structures irthematic and methodological work packages that address these questions,
and rely on existing IPSL infrastructures (modeling, observing strategies) and will benefit from
methodological developments for uncertainty estimation.

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

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

1.4 Governance, in a nutshell

¢KS [!.9- LINRPBINIY Aa &aGSSNBR o6& |y AyadAiddziazyl
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 the internal committees (research, innovation and education), proposing
the action plans and are responsible of the LABEX evolution opeahtitanagement.
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Organization

IPSL federation + IDES + SISYPHE
Scientific Advisory
........ ,,[ CD IPSL }------------------|Tutelles IPSL |

council for IPSL

Evaluate Propose actions| Nominates CR
LABEX project

Committees (Research,
Innovation, Education)

Irastitut
erre

The enlarged IPSL direction committee (CD) is the ef

mon
lap?ace

operational managing body

Schematic picture of the LABEX organization

1.5 Long-term aims of the L -IPSL

The LABEX project has an important specificity compared to classical projects: it runs over 10 years,
which enables to define longrm goals. After the firstphase, a number of goals have been
identified, which must be progressively updated and specified along the first years. In summary these
goals are:

i to strengthen and further develop the research community in thedd=rance working on
climate changerea by developing coordinated actions and further sharing and mutualizing
research tools and data; this will be achieved by fostering coordinated actions on
observation and simulation data bases and portals and ways for a better synergetic use of
such datathis will also be achieved by developing largeale research projects using these
data

i to develop a modeling capacity to simulate and predict climate at a spatial scale and with
processes allowing impact assessments and adaptation stratefisswill be achieved by
developing new model versions of the IPSL model adapted to the hghHormance
computing power (new grids such a8 A YA US @2t dzyS 2y a0dzoS &LKS
3 NJ, Redv dlynamical cores, new tools for i/pps well as further developingtegration of
improved physical and biogeochemical processes (C, N and other cycles, aerosols, clouds
and convection);

f G2 RS@St2LJ Iy AGAYRAOF(G2N) FFOG2NEE R2yalGNBIY
studies and more generally for climate sengcé systematic methodology will be set up by
examining impact needs (from existing and new projects), producing the indicators starting
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from global climate projections and downscaling these projections, evaluating these
indicators and their uncertaintiesand applying impact models in a few selected sectors
where LABEX teams have projects using such models;

i to ease the development of new instruments and observation strategies for climate
monitoring of essential climate variabldhis includes for instane 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 observing strategies
will also be designed;

1 to further improve the model / dservations integration by improving the capacity of
comparing observations and simulation®n the observation side, this will be achieved by
formatting data bases and defining new products better adapted for model comparison, and
by studying new processeduring field studies. New products in models and simulation data,
for instance the development and integration of the stable water isotope evolution modules
in all compartments will be included in the coupled model;

1 to build education bridges between ¢hcontinuously evolvingesearch proposed by the

labex the multi-actor highereducation system, and the increasing demand of knowledge
from various sectors of the society about the climate issues.
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2. Research activities

2.1 Long term research aims

Climate change science has leigntified challenges, but the tremendous amount of syntheses and
assessments made in the WG IPCC report brings new ones. Less uncertain projections of climate
change crucially rely on more accurate estimations of the ¢#ns&nsitivity to external forcings.
However climate sensitivity results from the complex interplay of direct forcing effect, feedbacks and
energy exchanges among all compartments of the earth system. Less uncertain projections also rely
on an improved undrstanding and quantification of climate variability, especially at decadal to
multi-decadal scales. Changes at these time scales, such as the recent slowdown in surface warming,
hinder accurate estimation of climate sensitivity and attribution of lbeign changes. The
simulation of regional climate, with phenomena ranging from the ms&sale interacting with the
circulation at global scale remains a challenge because of the wide spectrum of scales and processes
to be accounted for. For instance the Afmicenonsoon region undergoes such poorly understood
interactions. A better prediction of regional phenomena such as rainfall regimes is necessary to
better estimate climate change impacts that remain highly uncertain in such vulnerable regions.

Given the @&pertise of LABEX research teams, the major-teng overarching research goals are
threefold:

1 Provide improved estimates of the climate sensitivity to natural and human driven forcings:
L-IPSL teams have leading expertise in earth system physics, bidgauical cycles, their
interactions and feedbacks. This expertise should allow to better quantify least
documented interactions such as interactions between carbon cycle, aerosols, chemistry,
the atmospheric circulation, and carbon exchange between severainponents where
dzy OSNI FAyGe Aa fFNBS 064az2A tcimatblFesshiEton akd T ¢ KS
modeling should help quantifying robust feedbacks both in the current and past climates;
L-IPSL teams also have sufficient expertise to better do@mnthe sensitivity of climate to
solar and volcanic forcing, with climate experiments simulating the effects of major
volcanic eruptions and solar forcing variations;

1 Provide an improved attribution of recent decadal to muléicadal changes of the clingato
forcings and natural variabilitghe 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 cycleshould help
characterizing changes at the scale of a few decades, which is particularly relevant to
adaptation; the expertise in statistical analysis of climate data should also help to develop
detection and attribution studies in combination with modelingxperiments. In particular,
these combined studies should lead to understanding the mechanisms involved in the
recent slowdown of surface temperatures;

1 Provide better and more reliable projections of climate and related impacts in a few key
sectors at bdh global and regional scalthe expertise in climate modeling and impacts of
climate change is present or emerging in severdPISL teams. For instance, the impacts of
climate on ecosystems, water resource, agriculture and energy is an expertise that has
grown through several projects over the past decade. The large participation to CORDEX
exercise has demonstrated the growing involvement oiRSL teams in regional climate
modeling. This should enable major advances in the framework of the LABEX, agrt@nc
the implications of climate change in several regions of 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 necgsaad the best
way to model these interactions should be identified. The development and a larger use of
zoomed, coupled versions, with nudging possibilities, of the 3L model, used in
combination with other regional models (WRF, MAR) should help this
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2.2 Summary of research post -doctoral project status for mid

-term phase

(orange=PA2012; blue=PA2013; grey=PA2014; pink=extensions asked in PA2014; darker gregfremort

previousPA)
Project number P.l. + date Contact CR & | Dates & Short description
and short title decision WP Status P
2-Year postdoc
1 Carbon in rivers P Ciais 2012 Cvg:wgzne ;L(;I1250:(L)?1: ‘:)L:rr: Modeling the C cycles in rivetl
9991 \ith ORCHIDEE
E Guilvardi Sep 2013, 2-Yearpostdoc Climate
2 Volcanism M Khodri 2012 WP2 4 Aug 2015 impacts of volcanism in the
ongoing last millennium and modeling
Euirr?;:%lmt A May 2013¢ 2-Year posidoc Construction
3 Impact indicators | B Sultan 2012 WP4WP3 Apr 2015 and evaluation of climate
TWP3 ongoing impact indicators
F Bassinot Oct 2013¢ 1-Year postdoc (+6 month)
4 Chrondogy A Landais 2012 WP5 Sep 2014 construction multiarchive
ongoing chronologies
K Law Sep 2013, 1-Year engineer arctic data
5 Arctic portal K Law 2012 Aug 2014 portal gathering data &
TWP2WP3 : :
completed information
. May 2013¢ 1-Year postdoc Web portal
6 Isotope database V' Masson il Apr 2014 on data paleo archives +5
P Demmotte 2012 TWP2WP5 extension 5+6 P
month + 6 month
months
Oct 2013 A
. JL Dufresne 1-Year postdoc Facilitation of
7 CMIPS data S Denvil 2012 TWP1 Sep 2014 access to CMIP5 data
Completa
. . : 2-Year post doc How climate
SIS GIIES S Bastin 2013 2 atellltell Oct 2014 models simulate W African
change WP3 Sep 2016 :
climate
9 Climate sensitivity JL Dufresne S5 AL EOVEED [PEERIRE B ClQUd
S Bony 2013 Aug 2015 feedback processes in the
and clouds WP2 .
ongoing LGM
tomgrtonsor | | ooy | MGeen | SPIUE [ Snont Pt on o
Zooplancton PP WPETWP1 pr e Y 9
ongoing zooplankton
11 PSCMS 0 Boucher @L | L Dutresne | FTon0SS | o year o
Dufresne 2013 | TWP1 ) . eing, .oy
ongoing air-sea coupling
12 Stretched model | JL Dufresne & F| JL Dufresne Oct 2014¢ 2nﬂocnl}2t§r?]?;ii%;03:gilf g
version Hourdin 2012 TWP1 March 2014 stretched version of IPSESM
. 1-Year engineer on
13 SIRTA dgta M Chiriaco 2013 ugiociel Nov 2014 reconstructing all data from
reconstruction TWP2 Oct 2015 . .
archived SIRTA observations|
14 Impact of dust on| P Formenti B Marticorena | Oct 2014c z-e\::?r;irr)](i):u?hceolg radiative
IR radiaion 2014 WP1 Sep 2016 . g
impact of dust aerosols
1_5 Impac_t of CC on V Thieu TBD 1.5year pqstdoc on impacts
river nutriments of CC on river nutriments
16 Ocean . 1.5year postdoc on impact
acidificaton D i TBD of CC on acidification

V5¢ 2014/10/27

12



2.3 Contribution of Work Packages to the LABEX objectives

A Work Package 1: Factors controlling the atmospheric composition

Main objectives and strategy

The future evolution of the EthQ &adiative forcing will depend upon anthropogenic activities,
reflecting economic development pathways and the structure of energy production systems, as well
as the response afatural biogeochemical cycles.

Over the past two decades, 80% of theremsed radiative forcingf long lived greenhouse gasiss
caused by the emissions of CO2 from fossil fuel burning and land use chi@mgdlustrates how
crucial is thecarbon cyclein controlling the future rate of climate changeRoughly half othe
current anthropogenic CO2 emissions are absorbed by natural sinks in the ocean and in terrestrial
ecosystems. But models of the coupled climatgbon system consistently predict that future
climate change will reduce the ability of natural sinks to corgitmnabsorb anthropogenic CO2

Like the carbon cyclether long lived greenhouse gasegth a global warming effect, CH4 and N20,
also have an anthropogenic and a natural compongied to land and ocean biogeochemistry and
to atmospheric chemistryThe evolution of these two components in response to climate and
atmospheric composition changesimgportant to quantify and understand, including the underlying
processes

Shortlived aerosols and reactive gasese produced by a variety of processes arashsported 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 canléger in magnitude than that of greenhouse gases. Measures to
AYLINRGDS FANJ ljdzr t AGe 62NIXI R6ARS YIeé& NBtESIFIasS GKS v
greenhouse gases. Some aerosols like nitrates, ammonium, and mineral dust containing iron and
PK2 A LIK2NHza +f&a2 SESNI F GaFSNIAtATAy3IéE STFSOG 20
deposited, generally increasing productivity. Increased productivity can result into more efficient

CO2 sink, but can also yield to higher CH4 emissions bgnaet In some instances, however, excess
deposition of nitrogen will lead to decline of productivity in polluted regions, and sulfate deposition

may inhibit CH4 emissions in wetlands.

The goal of WP1 is to coordinate and develop research on the evolotiaimospheric londived
greenhouse gase§02, CH4, N2@nhdaerosols 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 changei biogeochemistry induced by aerosols, and in a second phase, by
reactive gases as well.

Mid-term actions

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
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We will use atmospheric inversion models, forward atmospheric chemistry transport models and
observations to reduce uncertaintiean key sourcesof radiative forcingfor seleced regions of
interest, and underlying processes. As a contribution to -teitn issues 2, 3 and 4, Focus will be
given toCH4emissionsn the Arcticfrom fires, permafrost, wetlands and anthropogenic activities, in
fAY1l3S gAlGK GKS iondlagtivitigd) theSoNdsd oRTEICNESIZS MERYIN satellite
mission, and using availablesitu (ICOS), campaigns (YAK, CLIMSLIP), and satellite observation (IASI,
GOSAT). The second process investigated wilbrganic aerosobemissions and transporin the
Mediterraneanregion (CHARMEX). The third proposed activity will analyze radiative forcing trends
over Asia caused by multiple anthropogenic actions including emissions of greenhouse gases, land
use change, reactive gases (NOx, Ozone) and aergs@siens, and indirect effects of aerosols such

as black carbon deposition on snow.

Results

This action is taking place in the three selected regions (Arctic, Mediterranean region, aAdiaast

but mostly taking stocks of other projects. Action 1 Hasstbeen recently reriented and refocused
(decision of the Comité Recherche June 2014) towards a more precise estimation of the direct
radiative effect of mineral dust aerosols. Mineral dust is indeed one of the most abundant aerosol
species in the atngphere and strongly contributes to the total aerosols content. At the present time,
large uncertainties still exist in the estimation of the dust radiative effect and its atmospheric and
climatic impacts.

To improve the accuracy on our estimate of dusbsel radiative forcing, a-8tep project has been
designed and will be funded byIRSL through a-2r postdoctoral contract (starting end 2014, and
working in ¢cbetween LISA and LSCE). In thst 8tep, experiments performeish the CESAM
simulation charber at LISA will help develop new parameterizations of the dust infrared optical
properties as a function of mineralogical composition and size. In a second step, these new
parameterizations will be integrated in LMDzONTA coupled to the new RRTM radiatnodule and
simulations will be performed to analyze climate sensjtia the dust radiative effect

Resource needed’-Year post doctoral positigistarting end 2014)

Action2: Attribution of the radiative forcing of londived GHG, aerosols and shdived
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 ititeractions between the biogeochemical
cyclesof climate brcing agentsin particular the climatic and biogeochemical (fertilizing) effects of
aerosols and reactive gases on the carbon cycle and on natural ocean and terrestrial fluxes of CO2,
CH4 and N2Ce(g.climate cooling induced by sulfate aerosols effectiand / marine productivities,

the carbon cycle and atm. CO3pecific focus will be given to the effect of climate,CO2 and aerosols
on variability and trends of the productivity of marine and terrestrial ecosystems.

Results

We will use models to attoute observed global and regional radiative forcing changes to emissions
and sink processes. This activity will first focus on ititeractions between the biogeochemical
cyclesof climate forcing agentsn particular the climatic and biogeochemical {fiezing) effects of
aerosols and reactive gases on the carbon cycle and on natural ocean and terrestrial fluxes of CO2,
CH4 and N2Ce(g.climate cooling induced by sulfate aerosols effect on land / marine productivities,
the carbon cycle and atm. CO3pecific focus will be given to the effect of climate, CO2 and aerosols

on variability and trends of the productivity of marine and terrestrial ecosystems.

Results
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This action has started in 202814 with the visit of N. Mahowald (Cornell University)lfdmonths

at IPSL (LISA, LATMOS, LSCE). N. Mahowald is #eadirid expert in earth system modelling and
has been one of the first to show the potential effect of aerosols on the global carbon cycle through
their cooling effect on climate and their fiéizing effects on both the land and the ocean biosphere
(Mahowald et al. Science 2011).

Her visit has triggered fruitful discussions betwedR3L teams. Recent work on this action includes

the PhD work of T. Gasser (CIRED &-LUBSE) and the developm of OSCAR, a simplified but
comprehensive model of the carbon cycle (Ciais et al. Nature Climate Change 2013). Several
AAYdzZ  GA2yAa dzaAAy3 h{/!wX YR LNBASYiSR Ay ¢od DI
and associated uncertainties of #ekey feedbacks linking aerosols and the global carbon cycle.

Finally, a recent Mari€urie Fellowship has been obtained by R. Wang atUBSE, targeting the

guestion of the fertilizing effect of aerosols (ammonium aerosols anetlst) on the terrestal and

oceanic biomass. To do so, R. Wang plans to combine key components of the IPSL earth system model
(the INCA model for the aerosols modelling, the ORCHIDEE and PISCES models for the land and ocean
biosphere respectively). The project has startetliip 2014 and will last 2 years to July 2016.

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 up to the coastal olzegn is a
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 (and in a second stegraNyport 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
age 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 scenariosyseuito force the

ocean biogeochemistry model PISCH® development of a higher resolution version of the NEMO
PISCES model, in the context of a collaboration!®3L with the LabeXer, will greatly benefit to

this action.

Results

This action hastarted in 2012 with the visits of Peter Raymond (from Yale University) and with the
hiring of a posidoc researcher (Rony Lauerwald) wheasking with LIPSL teams since July 2013.

The main outcome of P. Raymond visits is a Nature article publis@@d3nled by Raymond himself

and including cauthors from IPSLSCE and SISYPHE (nowNEHIS), in which they estimate the
contribution of inland waters to the global carbon cycle. In this study, Raymond et al. have combined
a new data set of CO2 partigressure from lakes, streams and rivers, as well as new methods to
estimate the global stream surface area and gas transfer velocities. They obtain glel&aiaSion

rates of 1.8 PgC per year from streams and rivers and 0.32&uygear from lakes andéservoirs.

The resulting global evasion rate of 2.1P§tigr higher than previous estimates owing to a larger
stream and river evasion rate. This new analysis also identifies global hotspots in stream and river
evasion, with about A»of the CQflux occurring over just 200f the landsurface.

The second sgeof this action, incorporating carbon into the routing scheme of the land surface
model ORCHIDEE, is now taking place thanks to the work of R. Lauerwald ah@Shedams. The

work is conducted in between IRSECE, IPSIETIS and a research team oétbniversité Libre de
Bruxelles (ULB) in Belgium. The work is progressing well and the first results have been presented to
the Comité Recherche Labex in June 2014.
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Finally, the iitial funding from the HPSL, as well as the close collaboration betwd#’SL teams and

ULB on this topic, has led to the preparation of a proposal on the transfer of carbon between land and
ocean at planetary scales, which has been submitted to the 2014 Initial Training Network call from
the EU commission (April 2014). Treposal has been accepted; 2 PhD students and tdoast
researcher will be funded at IPSL through this proposal ondii¢l€ modelling in rivers and streams,

(2) CO2 measurements in rivers and streams, (3)cfé modelling in the Atic Ocean influered by
riverine carbon discharge.

Action 4: On the role of diurnal vertical migration of zooplankton on the marine carbon
cycle: incorporation in the IPSL earth system Model

The diurnal vertical migration (DVM) of zooplankton is a widespread phenomentreimarine
environment. Conventionally, zooplankton is at the surface during the night and goes down to
several hundred meters at dawn. These migrations may have an impact on the biogeochemical fluxes
of nutrients, carbon and oxygemigrant organisms Wigenerally feed on the surface, but they
excrete, respire, produce fecal pellets and die at depth, inducing a vertical transport of nutrients and
carbon from the surface to the subsurface. This could increase the efficiency of the carbon pump.
Numerous tudies have shown the importance of this active transport, that could contribute up to
10-30% of the global carbon export.

The opportunity to cedesign a ocea 2 Odza SR LINR 2S00 6AGK G(KS [ 06SE a
Université Bretagne Occidentaldjas led the Comité Recherche to propose to work on the
incoporation of zooplankton diurnal migration in the PISCES model (marine biogeochemical
component of the IPSL earth System Model).

Resource neededTo do so, a-8nonth postdoctoral researcher (itl. 4month funded by HPSL) has
been hired to work on the role of these diurnal migrations in a changing climate. The project just

A0FNISR Ay {SLIGSYGSNI wamn FYR 6AAf 068 RSGFATSR A

A Work Package?: The predictable part of climat 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 dicussed in the previous section. However, the mechanisms and the respective role of
internal variability, of natural or anthropogenic forcings on most aspects of recent climate changes
(such asseaice decrease in the Arctic or precipitation changes in 8ahel) are currently not
established. This lack of understanding limits our ability to predict climate evolution over the next
few decades.

For the future, be predictability of regional climate for the next decades to century will primarily
depend on: {) the response to changes linglived greenhouse gase&) the response to regional
changes in aerosols and other shtivied species; (3) the lofvequency modes of natural variability.
The goal of WP2 is to coordinate and develop related researtiPSit, both for observations and for
modelling, with &ocus on three related key objectives:

1 Quantify and understand the internal and natural variability of climat@derstand climate
FfdzOldzr GA2ya o0S®3ad ! ah/ I 9b{ h3 imité fatedmdSHeiNJ RS LIS
NEaLlyasS (2 SEGSNYyIt F2NOAy3Ia o6DI DI adzyz | SNR3
study of the last millennium, a period for which decadal to sulecadal climate variations may
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be reconstructed from various natural arche#g, and for which some estimates of forcings
associated with solar variations and volcanic eruptions are available.

1 Quantify and understand climate changes due to anthropogenic for€tmg primary mechanisms
involved in the spread of climate feedbacki 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 dynamistorms, heat waves Xwill change
with temperature and forcings.

I Predict and assess climate changes at decadal time schlesavelling the respective
contributions of external forcing and internal variability in theecent and future decadal change
requires to (i) to identify and assess mechanisms that drive climate variability and trend and (i)
to increase our confidence in climate change projections. A joint development and use of global
earth system models and olesvations will help both the detection and attribution 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, séaOS X X0 Yy SSR (2 06S AYyAGALFEA
and the LIPSL will seek to develop new methodologies and select appropriate observations.
New approaches will include perfect model studies to better understarttetmechanism at
work in the models (beyond the issues related to model errors, lack of data, and the
combination of different sources of external forcing over the last 50 years).

Mid-term actions

Over the next 2 years, WP2 will focus on four main actions

Action 1: The role of volcanand solarforcing

Volcanic forcindhas been shown to be a major driverdgcadal variability and predictabilityoth in

recent decades anduring the last millennium, in particular in the North Atlantic and for the AMOC

(eg Booth et al. Nature 2012). Before this action, the physical and chemical representation of
volcanoes in the IPSL model was too simplified to 1) explore the mechanisms by which volcanoes can
provide a source of climate variability and 2) compare torttany related observations available at

IPSL. The goal of this funded 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 simulations fothe last decades and last millennium (LOCEAN, LSCE), with a focus on North
Atlantic THC variability and predictability. Below is a summary of the work undertaken and future
plans. This action is also a contribution to TWP1.

Results

The first 12 monthsSeptl13-Septl4) of the project were dedicated to improving aneéwvaluating

the microphysical model (Bekki et al, 1994) against observations (CCMI, satellite observations;
balloons, etc) and implement the computed aerosols radiative properties in thanidtigll solar
spectral bands and atmospheric model grid (M. Khodri, O. Boucher). An ensemble simulation was
performed first for the Mt Pinatubo eruption to evaluate the model skills. The results being in good
agreement with observations, several additioealsemble simulations were performed for Samalas
and Tambora. An important rassessment of ieeore data was performed to define realistic
scenarios of SO2 injection into the stratosphere. This approach allowed exploring the range of
uncertainties arisingrom analyses of sulphate deposition in multiple ice cores. We also explored the
uncertainties related to the season of eruption and the altitude of the volcanic plumes deduced from
LI dzYAOS FlLft RSLRaAOGad ¢2 KS Ldratods wittdBwissS(U.DHzNJ N 3
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Geneva) dendrglimatologist and historians working on historical documents and improved
temperature reconstructions for the last 1500 years based on an unprecedented networkraidree
series. For the first time, treing prakies and climate simulations yield similar magnitudes for
northern hemisphere summer cooling over land induced by these eruptions, estimated bew82en
and ¢1.3°C. Our results indicate the importance of a correct representation of climate sensitivity in
models, and challenge both earlier temperature reconstructions and climate simulations performed
with simplified reconstructions of large volcanic eruption forcing. This study was submitted to Nature
(Stoffel M et al. 2014).

We also developed idealizedpeximents aiming at exploring the range of climate sensitivity to the
magnitude (amount of SO2 and altitude of the volcanic plume), latitude and season of eruptions. We
performed several ensemble simulations by injecting 1, 3, 10 and 30 times the SO2 aftberMt

Pinatubo eruption. The SO2 buoyancy, transport, conversion into aerosols, coagulation, gravitational
settling etc., were systematically evaluated. Climate simulations reveal that there is no universal
linear relationship between the global cimg and the magnitude of the eruptions due to digifiting
microphysical processes and stratospheric dynamics. These processes explain the relatively weak
cooling on global average that never exceeds 2°C for the very large eruptions and the strong spatial
heterogeneity of temperature anomalies (Poulain V, M. Khodri, M. Marchand & S. Bekki,
Stratospheric dynamics and miekdK @ & A OF f LINRP OS&aasSa O2yFTAySa Of AYl
eruptions, to be submitted). We aim now at providing thorough forcingnstcuctions for major
volcanic eruptions (13th and 19th century) and contribute to th@aing effort to reduce the large
uncertainties regarding the climatic responses to volcanic forcing identified in CMIP5 simulations.
Within this context with receit sent to V. Eyring (Chair CMIP/WCRP) an application for a Model
Intercomparison Project on the climatic response to Volcanic forcing (VoIMIP) asEidtréed MIP
(Cochairs: D. Zanchettin C. Timmreck and M. Khodri. Scientific Steering Committeeefg. Aleg
Robock, A. Schmidt, M. Toohey and E. Gerber). Our actions for 2015 will consist in evaluating aerosols
interactions with both solar and terrestrial spectral bands (involving O. Boucher) and ozone chemistry
(LMDzReprobus).

Action 2: The use of olesvations 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 Atlantievill be investigated This will require synchronisation both in tinaed

across variables in climate archiv8$e LPSL is uniquely placed to make significant progress in this
area, initially involving experts from IDES, LOCEAN and LSCE. This action requires more meetings in
the next year to mature into specific integinag) action (cf HAMOC ANR, MISTRALS/PALEOMEX).

The second aspect of the project will concelne detection and attribution of decadal changes. This
requires (1) the development of statistical methods expertise to detect changes in decadal variability
both in observations and in models and (2) to distinguish two time horizong03¢@ears for which

the external forcing dominates and D year which requires initialised deterministic simulations.

The ANR HAMOC was successful and will contribute to this Aopastdoctoral position is starting in

Dec 2014 on the acquisition of geochemical recordings of North Atlantic deep corals (measuring the
variability of hydrology in the NE Atlanti@).new set of SSTs and sea ice data from the LEFE/NAIV
project and fronthe IGBP/PAGES international working group Ocean2k LR will be used for new data /
model crossnalysis.

Action 3: Climate sensitivity, climate forcing and climate change amplitude

This action will seek to understand what are the mechanisms that primagraiaxthe spread of
climate feedbacks. The following mechanism will be explored: clouds, cryosphere, aimniate,

etc. and how to estimate and access them. The sensitivity of climate change to different forcing
agents and mitigation policies (GHG enuissi aerosols emissions, lande,...) will also be explored

o[ ab5%Z [{/9ZX0®
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Specific integrating actions have included (1) the invitation of international experts such Isaac Held
from GFDL (Princeton USA) who gave a series of well attended lecturesnamarsat IPSL, and Aiko

Voigt (Columbia University) to start a collaboration on the role of clouds and aerosols in the
atmosphere circulation, with one study already published (Voigt et al. 2014), (2) the support of IPSL
leadership in WCRP Grand Challedgé & Of 2 dzRa s> OANDdz | GA2ya | yR Of A
invitation of experts and the travel of IPSL experts to the related WCRP workshops, and the upcoming
organization of a palealoud workshop, and (3) the study of clezictulation feedbackgspecially in

tropical regions, and using both recent past, future, paleo or idealized simulations (CMIP5, PMIP3,
CFMIP) within a postdoctoral projetiwo oneyear postdocs are associated to this action. A first one

has been hired and is starting in Q14 (in conjunction with a one year WP3 postdoc grant),
working on the local and remote factors that influence the variability and sensitivity of the African
monsoon (LATMOS/LMD letioration). The second postdoc (who started in Sept. 2014) is working on
the role of cloud processes on ITCZ shifts in past climates, notably during tHelodiehe and the

last glacial maximum.

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

The bhrgescale patterns of climate changglobal circulation changes, precipitation, weather
regimes, storm tracks, drought, heat waves, ptwill be analysed to infer what element of
predictability they provide for the next decades, considering again two time horizonsmplaeti of
climate change omrlimate phenonena (MonsoonsENSO, ety.will be specifically addressed (LMD,
[ h/ 9! b X Spdcificintegtaiing actions will be decided on the basis of several meetings.

Reporting on this 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 observation and a perfect meetelip to understand mechanisms
will be futher developed for the IPSL model.

Results

Results obtained show the key impact of sea surface salinity nudging used in conjunction to SST
nudging to reconstruct the stdurface ocean decadal variability in a perfect model framework
(Servonnat et al. @h. Dyn. 2014). The extension of this work to the historical context has confirmed
the results obtained in perfect model and has shown the limits of evaluating the reconstructed tri
dimensional ocean of the last decades due to the paucity of data ank aflagreement between

ocean reanalysis (Ray et al. @liDyn, revised). Current work within the SPECS project seeks to study
the impact of wind nudging (both via surface wind stress and 3D wind nudging) in addition to that of
SST and SSS. Beyond ocetialisation, we will explore seme and land surface initialisation. This
action will be done via projects (GICC, ANR, EU) meetings and workshops.

Links to other projects

The following projects will provide effort towards the WP2 actions in the neaty®ars:

National: MISSTERRE (LEFE/IMAGO, CNRS/INSU), NAIV (LEFE/IMAGO, CNRS/INSU), EPIDOM (GIC
end in 2013), ANR (Green Greenland, 20014, HAMOC, MORDICUS)

EU: SPECS (FP7, 22037), EUCLIPSE (FP7, 22018), COMBINE (FP7, 2a191.3), EMBRACE (FP7,
2011-2014).
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A Work Packages: Regional implication of global warmig

Main objectives and strategy

The overarching objective of WP3 concerns the characterization of the implications of global
warming in terms of regional climate changes as experiengethé human societies is needed to
make appropriate adaptation decisions. WP3 will focus on the existing strengtH®8LLin terms of
expertise (the water cycle, the biogeochemical cycles, and their interactions) and tools
(observatories, spaeborne olservations as well as global and regional modeln@EMIP5 &
CORDEX). Enhanced knowledge on how regional climate can also impact global climate will be
achieved by assessing the role of mesoscale and regional processes in climate projections.

Disciplinaryadvances regarding the comprehension of the processes responsible for the changes for
key climatic variables currently observed, and their evolution as inferred from climate projections
will be developed. The role of regional changes driven by local &etdb(hydrological coupling,
clouds, aerosols, land cover and land use, regional water bodies) must be addressed and weighted
against the large scale processes (interactions with the ocean, greenhouse gaseenteetions,

X0 o

WP3 will benefit from themomentum created at IPSL by the international CORDEX exercise and
participate to international inteicomparisons, studies using model ensembles, with four regions of
focus, where IPSL participates to CORDEX: Europe, the Mediterranean region, Africauthnd So
America. From the corresponding simulations, a synthesis of issues raised within the exercises will be
carried out and more general regional modeling bottlenecks will be identified.

WP3 will also provide capacity building fetASL laboratories onimlate change imlications at the
regional scale, as for instanaevice orthe use of projectionsn at regional scales argliidance for
selecting model simulations and alsaproving models.

Mid-term actions

Action 1: Intermediate scales issue

WP3 wil assess the relevance of high 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, 3650 km). This issue is particularly critical for priaipn regimes over the Sahel region

but also on other regions such as Europe, for which neither GCMs nor liaréadmodels are
currently able to cover all concerned spatial scales. Regional models are designed to represent
mesoscale processes and swdaconditions more realistically than GCMs. However, since they are
area limited they lack the climatic feedbacks at teleconnections present in global mddedls.
overarching question is which type of model should be given more credit when applied at
intermediate scales?Existing CORDEX runs will be used to assess the impact of dynamical
downscaling on key climatic variables (with TWP1 and TWP3) and impact indicators (with WP4) by
comparison with CMIPS5 runs. Advanced knowledge will be gained througixehisse for instance

on the necessity to guide or nudge regional models using global models.

This action will contribute to the long S N 32 | fo stierfgtifeh Vi@l futher develop the
research community in the Hde-France working on climate chandpy developing coordinated
actions and further sharing and mutualizing research tools ancdédta

Resllts
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The work will be based in part on the mutodel analysis of CMIP5 simulations (in order to identify
robust mechanisms and features), benefiting frima fact that the same model has been used for
past climate, historical simulations and climate change projections. A particular focus will be put on
the analysis of the radiative forcing (CO2 and aerosols) and feedback (water vapor) over the Saharan
hea low. To test physical hypotheses about the role of these forcings and feedbacks on climate
change over West Africa, the analysis of existing simulations will be complemented by dedicated
simulations with the LMDZ atmospheric general circulation modelchwis the atmospheric
component of the IPSL Coupled Model (involved in CMIP5). The model can be run either in global
mode or zoomed over a particular region of the globe. It can be run either in climatic mode or
GydzRISRE (261 NR (K Sthefrdaiists orih® resulls offadoyhér Yirhulation. THe
LMDZ physical package has also been coupled to the dynamics\WRiRegional model, which will

allow tesing the use of limited area model without modifying the physics. This suite of confagurati

will be used 1) to separate local feedbacks from large scale couplings (using nudging or not at the
boundary of the domain, or imposing idealized diabatic heating like albedo patches over a region, or
more or less interactions with surface), and 2) &fegrm bigbrother experiments to compare and
assess the strengths and limitations of different downscaling approaches: a reference simulation run
with a fine global regular grid is used as a reference (or model truth) for various approaches (zoom
with or without nudging, limited area versionshhis work will be starting on October 1st with the
hiring of Marco Gaetani as a Labex pdstctoral fellow.

¢CKAa |FOGA2Y @GAff FdzNIHKSNI 6SYSTAG FNRBY (G(KS 2NAHI
change in V& & i I ByYNBedyke £Janicot in 2015, possibhs a parallel session of

0KS LYGSNyYyraAz2ylrt [/ 2yFSNBYOS dhdz2NJ / 2YY2y Cdzidz2NB
(France) on-2.0 July 2015.

Action 2: Climate variables and indices for impamtiented indicators

The aim is to build the bridge between the output of climate and regional models, 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 environmie(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 applications,
YIEYSte | INROdzZ GdzNB>X 6 §SNI NBa2dzZNDOSaz NBYySgloftS S

Once defined, CMIP5 downscaled by CORDEX regional runs withlepdssther statistical
downscaling will be used to construct the abedefined indicators and analyze their trends. The

analysis on impact indicators will be conducted is some key regions, namely West Africa, South
America, the Mediterranean region and rBpe, which are the regions for which CORDEX
experiments were made at IPSlhis action will contribute to the loag SNY 3I2Ff FAYAYy 3 al
Yy GAYRAOIFG2NI FIFOG2NReé R29YyAGNBLIY 2F Y2RSH LINE 2
generallyfordl YIF S &ASNIWAOSa¢ o

This action is currently taken by WP4

Action 3: Development of a theory for landceanatmosphere coupling 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 atmosphernicutation, and thus the hydrological cycle
over Africa. In theory these changes in the circulation and the hydrological cycle should affect dust
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emission, thereby establishing a regional coupling of oearosphereland surface processes, but
to-date no sich coupled theory has been developed or tested.

We propose to identify the twavay relationship between regional climate variability and mesoscale
processes over the Saha&ahel region of Africa via a combination of observational analysis and
modeling sudies. This action will contribute to the loigS N 3 2 | tb furthdr brgva thel
model / observations integration by improving the capacity of comparing observations and
simulationg &

Results

This action has been fostered by the visit of AmaanEuduring initial LABEX phase, see aboi).

first evaluated African dust in 23 statd-the-art global climate models used in the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change (including the IPSL model). We found that
all modds fail to reproduce basic aspects of dust emission and transport over the second half of the
twentieth century (Evan eal.,, 2014). The models systematically underestimate dust emission,
transport, and optical depth, and yet&r-year changes in these pregties bear little resemblance to
observations. These findings cast doubt on the ability of these models to simulate the regional climate
and the response of African dust to future climate change. The tools developed for this work will be
used in a collab@ative framework to assess whether the new developments in the IPSL model linking
deep convection and wind bursts-{urn leading to enhanced dust emissions) can overcome this
deficiency and lead to more realistic yearyear dust load variability overmé Africa and the
adjacent water bodies.

l'Yy203KSNIJ YF22NJ NBaSI NOK NBadzZ G adSYYAy3a FNRBY ! Yl
greenhouse effect, small changes in water vapor in the atmosphere over the Sahara Desert alter the
thermodynamic strutire of the Saharan Heat Low, thereby modifying the monsoon circulation and
precipitation across the Sah@van et al., 2014, accepted in J Clim). We have shown that when forced
by SST alone, most statéthe-art climate models do not reproduce a staitslly sigriicant upward

trend in Saheliamprecipitation over the last 3Qears, and that those models with a significant
upward trend in rainfall seem to achieve this result for disparate reasons. We examined the role of
the Saharan Heat Low (SHL) in tlexovery from the Sahelian drought of the 1980s. Using
observations and reanalysis we demonstrated that there has been an upward trend in SHL
temperature that is coincident with the drought recovery. A heat and moisture budget analysis of the
SHL suggestkthat the rise in temperature is due to greenhouse warming by water vapor, but that
changes in water vapor are strongly dependent upon the temperature of the SHL; a process we
termed the Saharan WAter vapeliemperature (SWAT) feedback. We have showntkigastructure

of the drought recovery is consistent with a warming SHL, and is evidence of a fundamental, but not
exclusive, role for the SHL in the recent increase in Sahelian monsoon rainfall. Efforts on this action
will continue with a focus on the coommitant and maybe competing impact of mineral dusts on the
structure of the SHL. Accompanying the drought in Sahel there was an increase in dust advected off
West Africa and presumably an increase in dust over the continent (Evan et al. 2014). Howsever, it
not clear how dust within the SHL may have changed over this period, particularly as the SHL is a
persistently dusty region, nor is it clear if dust here has a net cooling or warming effect; the SW
scattering may be completely balanced by the LW wagmémd the LW warming is very sensitive to

the microphysical properties of the odMand dust.

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

Clear evidence for climate change is being observed at northern high latitudes irortine of
diminishing summer seme 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
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natural physical and biogeochemical cycles indgtraosphere, ocean and cryosphere make changes

in this region difficult to predict with current climate models. Here a key aim will be to better
understand the contribution of anthropogenic activities to Arctic climate change and the feedbacks
between atmapheric 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 portd developed in TWP2. One aim is to better use existing degdsetvaluate regional/global

climate model performance at IPSL in the Arctic region, a topic of importance discussed in the
modelling section of the Chantier Arctique prospective. Specific processes such as the impacts of
aerosols will also be examined.workshop will also be held to identify and develop cros#ing

research topics at the level of IPSL and in coordination with developments as part of the Chantier
Arctique. This action will contribute to the loigS N  3I2 | f A YAy 3 dmbdel / F dzNJi K S
20aSNDIFGA2ya AYyiSaINIGAZ2Y o0& AYLINRGAY3a (GKS OF LI O
gStf Fra aid2 aidNBy3aadkKSy FyR ¥FdzNI K-GWarRSww&ingoh) ( KS
Ot AYIF(GS OKIFIy3aSé¢ Ay GKS ! NODGAO®

For exampe, a firststep towards enhanced knowledge of the processes impacting global warming at
high latitudes will be undertaken through a synergetic approach involving observations and models,
both in the laboratory (at{PSL) and in the field (e.g. Siberia).

This task hs benefited from the visit of Steve Clifford 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 aerosdbud interactions. This action fueth benefited from the

visit of Steven Reising (Colorado State University) who visited LATMOS for 6 months to work on
atmospheric water vaporelated process in the Arctic.

Results
This action wilcontinue with:
1 a second visit of Amato Evan, schedulkaheJuly 2015, one month of which will be
dedicated to the analysis of the cycle of mineral aerosols in the Arctic from observations and

modeling tools available at IPSL (among others),
1 the organization of an Arctic workshop by K. Law ard. Raut (andthers) representing the

Y,

Lt {[ t&ftS &/ ftAYIWSHARW | VEEA NRIWASES Vil KS FANRBRG 2
of the workshop will discuss common research interests, links to other national/international

efforts andwill examine ideas for potentiaksearch projects addressing crassciplinary

topics identified in the Chantier Arctique prospective. The Labex Arctic data portal will also

be presented.

Links to other projects

Ongoing FP7, ANR, INSU, IRD projects in West Africa (non exhaustilué, AMIMA2, FENNEC,

wLO9t/ {!Z 5wla{x /!+L!wX O2yiNROGdziA2Yy (2 a/KIFyl
projects, link with Labex BASC regarding the productivity of terrestrial ecosystems and agrosystems,

and the feedbacks with the water cycleri@ation, water quality) Other funded projects such &
ACCESE&UECLIPSE and CLIMSANRwill also help structure of the work in WP3.

A Work Package 4: Impacts

Main objectives and strategy
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We focus here on the impacts of climate change on the ratuesources 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 impacts in terms of
vulnerability/benefit for resources and esgstems services in order to propose sound adaptation
strategies. The retrospective direction is also important regarding the detection and attribution of
observed changes, and the necessary validation of models. An improvement in knowledge of
processes irthe 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 integrated approaches combining various
data and models, with importanissues regarding up/downscaling methods and uncertainty
analyses, which will be addressed in tight collaboration with WP3 and TWP3. Based on the existing
strengths of HPSL, we initially identified four sectors on which to focus our efforts: water ressurc
(including ground water and hydrological extremdspgeochemical fluxes and ecosystems along the
land-ocean continuum (including terrestrial and marine productivity, water quality); energy
resources and infrastructures; sources of regional and glbalollution.

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

water resources, vegetation production: reinforce and integrate existing activities
cold-processes/Arctic, terrestrial water quality and related fluxes, laisga interface, marine
ecosystems, air padlition: move from process studies to impact studies

1 energy : develop the working force to continue preliminary results

1
1

The EIPSL budget cannot support all specific impact studies, and we rather aim at developing the
potential of LIPSL teams to attract dir own funding, by promoting scientific structuration and
methodological advances:

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

1 Cuttingedge methodological researchdisciplinary advances regarding overlooked aspects of
the global cyclesd.g. land/sea fluxes, transfers and transformation in hyolsystems, marine
ecosystems, ground water); interdisciplinary integration, including solicitations to climate
modelers (WP3); adaptation strategies, in tight collaboration with TWP3 (Uncertainties) and
the L-IPSL innovation activities.

Mid-term actions

Action 1 and 2Propose impacbriented indicators and create a catalog of impaotiented
indicators

The aim of these actions was to build the bridge between the output of climate models (often biased
multivariate 3D fields with a wide variability spagtn over centuries) and environmental variables
that are relevant for impact assessment, whether they relate to the mean state of the environment
or extreme events.

Results

CKAA AGAYRAOFG2NI FFOU2NR¢ KIFa 0SSy f bnezg7O2083R 6 A (K
targeted towards HPSL members, and selected representatives of $iakiers. The aim was to
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define the impacbriented indicators to be effectively characterized. This relies on the recruitment of

a two-year postdoc (Yan Zhao) shared witiiP3 and TWP3, who started in May 2013. The choice
was made to focus on healtielated heat stress indicators, which account for the combined effects of
temperature and humidity on comfort and health. She and 3L group used three wideised

heat stess indicators, and showed that their main differences come from the importance of humidity
when computed from the observed climate. Using an ensemble of 21 CMIP5 simulations (historical +
RCP8.5), we found that climate models tend to underestimate kresssover the Tropics, because of

dry and cold biases, while warm and dry biases balance each other at higher latitudes. All climate
models project increased heat stregigbal mean changes are comparable to the one of surface air
temperature, but thepatterns are less contrasted because of the buffering effect of humidity. In
particular, heat stress indicators increase more than temperature in warm and humid areas of the
Tropics, where the number of days subjected to severe heat stress increasesriatnaistengst the
climate models. The dispersion between climate models is smaller than the climate change signal, but
the choice of heat stress index carries as much uncertainty

Action 3: Define the extrapolation power of impact models

Impact assessmenglies 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 isstieOur goal is to document, for a variety efRSlmodels, 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 will
also be encouraged for documenting pbweknown relationships between hydrology/ecosystems
and climate change.

Results

Action 3 has not started yet and will be rediscussed in 2015. Note that it yw#irthelly addressed in
Action 5, where corals grown in low pH and higher temperature typfche end of the XXktentury
will be analyzed and compared to corals grown in preslagt conditions, enabling the test of the
extrapolation power of the growth models for these vulnerable ecosystems.

Meeting the long term research aims: strategy f20152016

In order to develop new projects related to the long term research aims of the HRISX the
A0NFXGS3e F2N) 0KS LISNA2R 3JI2Ay3 FNBY Hamp (2 HAMC
AYLI OGa 2F Of AYF (S OKinyes&réhaimg ditiBulatesiwtt theith 3 whick 2 y :
A& O KS Py\&dS Bettedl @hd nore reliable projections of climate and related impacts in a few

key sectors at both global and regional scéleb ¢CKS FyasSN (2 GKS OFff gl
which 2 projects were selected which are related to the impact of climate change on ecosystem
functioning. These are related to vulnerable ecosystems, namely theskadontinuum aquatic

ecosystem which have been exposed to anthropogenic contamination andripation for decades

before the change of climate and coral reefs which are endangered by anthropic activity, climate
change and acidification. Both projects examine, with different approaches, the regional impact of
climate change: Nortlwestern Europedr the first, and Equatorial Pacific Ocean for the second.

Action 4: Climate change impacts on riverine nutrient transfer and delivery to coastal sea

Ecological functioning of aquatic ecosystems is directly impacted by increasing human activities and
climate changes. Altering these functions sometimes results in environmental damages affecting the

' E.M. Wolkovich B. I. CookJ. M. AllenT. M. CrimminsJ. L. Betancourt et al. (2012). Warming experiments
underpredict plant phenological responses to climate chaiNgdure 485: 494497, doi:10.1038/nature11014
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whole aquatic continuum from headwaters to coastal sea (such as eutrophication, green tides,

I y2EALFT FAA&K Y2NIIFfAGE X0 | gfen, luké and klimatd impact @ 2 F
act in synergy to deteriorate the productivity of the ecosystem and its services to the environment
(e.g. Hypoxia in the Baltic Sea).

Most regional prospective analysis rely on statistical approaches, but the changiradeckmd
environmental conditions rises up the challenge of a mechanistic representation of microscopic
processes operating in the aquatic continuum, scalable and compatible with regional (and up to
continental) domains. The newly developed biogeochemicabdeh pyNuts (which include the
biogeochemical RIVE model) is now operational for all the reat Atlantic rivers (more than 350

000 km of drainage network) for assessing present nutrient transfer. It has been tested and validated
against datasets extelmy over the past two decades, but the challenge is to add functionalities that
will allow to use it in climate change impact studies: (i) implementation of a hydrological module, (ii)
NBIA2YIFTATFOARZ2Y 2F &aSOSNIt Y2 R&ditams, (ii)JsedttivhSfi SNE  d:
relevant ecological indicators to assess the impacts of climate change on estuary and costal area
biogeochemical functioning, (iv) the implementation of an estuarine model to evaluate the link with
the coastal ocean

Two cae studies will be performed: the SeiNormandy river basins flowing into the Bay of Seine,
and the AdowGaronne systems associated with small Cantabrian rivers flowing into the Bay of
Biscay.

Resource neededA collaborative dbrt is undertaken betweeMETISand LSCE to meet the goals of
the above project. An 8 onth postdoc will be hired in early 2015.

Action 5: impact of climate change and acidification on vulnerable ecosystems: the case of
coral reefs

Temperature and carbonate chemistry (pH an®£Q) of the oceans are critical parameters that not

only control key chemical and physical processes, but also a wide range of biogeochemical processes
GKFGO FNB AYLRNIFYG GNARIISNE F2N YENARYS 2NEBFYAAY.
of ongoing changes are intensively studied; however, the lack of-tknmg highresolution

observations (decadal to centennial scale) hampers a full understanding of anthropogenically driven

Ot AYFGAO OKIy3aSa |yR GKSANI TSSRheHaoK éf lorgigfm 9 I NI K C
instrumental records of T and pH, geochemipabxies preserved in the carbonate skeleton of

marine calcifying organisms such as corals, provide a unique tool to reconstruct changes in seawater
environmental parameters. Higiesolution decadal timeseries from the prendustrial period are

critical to reconstruct changes in seawater environmental parameters over timeeealdate the

validity of climate change scenarios (naturally and anthropogenically driven).

It has been shown thathanges in vital effect can bias geochemical signatures in corals and therewith
paleoreconstructions. At the same time, environmental stressors and alteration by boring-micro
organisms (i.e., euendolithic micedgae, fungi, cyanobacteria) endanger thegcstem viability. It is

thus critical to identify the biogeochemical processes involved in the environmental stressors and
their relation to climatic parameters such as temperature. At the same time, the understanding of
the incorporation of trace elemestand isotopic signatures in the aragonitic coral skeleton and its
relation to the climatic and environmental signal is necessary. For this purpose, interactions between
the coral organisms and their environment need to be better assessed to fully coniteaieliability

of coral skeletons as natural archives for climatic signals.

Different tracers will be measured using #B (see below): Li/Mg, Sr/Ca aidB - from different
palecenvironmentally pertinent species (e.g. the massive coral of the g@augey at different
stages of their life cycles (i.e., pdatvae, juveniles and adults), in stressed and impaired corals (e.qg.,
coral grown under ambients pCQ predicted for 2100, skeletal tumors and corals-broded by
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microborers). Two oceanic g@ns of the equatorial Pacific Ocean (New Caledonia and French
Polynesia) can be targeted, where corals are known to be particularly vulnerable to climate change
(IPCC, AR5 2014).

Resource neededrhis project will gather scientists from LOCEAN, LSCEEDAS, and will promote
collaboration aroundhe development of the laser ablation coupled to tG&MS technique shared
by these three laboratories ({MGICRMS at LSCE, KGMS at LOCEAN and #@B-HR at GEOPS). A
postdoc will be hired for 18 months

Links to other projects

WP4 benefits from many egoing or planned projects (FP7, ANR, GICCCI@iat, FIRE, PIREN
Seine, MISTRALUS&tp://www.mistrals-home.org, etc.), and interesting links can be developed with
LABEX BASC regarding the productofiterrestrial ecosystems and agrosystems. The recelIBI
project (InterSectorial Impact Model Intercomparison Project, coordinated by the PIK) is a pioneer
for international coordination of impact studies, andRSL models have participated to teifort,

using the ORCHIDEE land surface model.

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 fewdecades. 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 climatensyaty 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 higisolution past kmate archives, both on

the continents (i.e. speleothems, lacustrine sediments, ice cores) and in the ocean (shallow and
deepsea corals, marine sediments), and will compare these data with models outputs (especially,
proxy forward models) in order to bietr understand the causes, mechanisms and impacts of abrupt
climatic changes, and take full advantage of paechives to unravel potential climate crisis ahead
(e.g. metaprogram MISTRALS).

Key efforts will be devoted (i) to understand the importancarafan, 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 future tipping points.
(Theseearly warning signaléikely include changes of climate variability, whose study is therefore
included in WP5 lonterm goals).

Mid-term actions

During February and March 2012, a prospective discussion was launched within WP5 in order to
identify top piiority topics that should be addressed over the first 2 to 3 years of 4RSL labex. In

this prospective exercise, we identified thkariability and abrupt changes in the North Atlantic and
surrounding continentsas a key issue for the WP5 (Issue 1k thportance 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
perturbations of he hydrologic cycle and the melting of the Greenland ice caps, (iii) its impact on
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global climate through perturbations of the thermi@line circulation. WP5 will therefore contribute
to addressing Issue 1 as stated above.

Within the upcoming couple of amths, the WP5 will assess results obtained over the last two years

and define objectives for the new prospective exercise. This will be done through two brainstorming
workshops; one being organized in October and the other one after the third conferghced/ f A YI (i S
YR LYLI OGaé¢ ob2 3&80adzsddy BEOPS ahiR LSQF asdmuoted! by HPSL

together with LSCE, GEOPS and UP11. Conference sessions will be dedicated todfi¢hstate of

rapid climate changes during glacial time (inclgdithe last deglaciation)Holocene climate

variability, calibrations of time scaleand improvement of geochemical tras for quantitative
paleoclimatic reconstructions.

In the initial prospective exercise, foumain actions were identifiedaround North Atlantic
variability:

Action 1: reconstruct climate variability over the last millennia in the North Atten

by using venyhighresolution natural archives (i.e. ice records, speleothems, dsgpcorals, tree
rings and marine and lake sediments froimghaccumulation rates) 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 targetsdctighis
further discussion is neededror instance, such an effort wasndertaken withn MISTRALS
/PaleoMex for the Atlantic/Mediterranean domain and of the LMI Paleotraces (PRIMO project) for
the Tropical Atlantic/south America region.

In connection wih this first action, Marielosée Gaillard, palynologist, professor at the University of
Kalmar in Sweden will be invited for 2 months in 2015 (supported by-tR&L) to work at LOCEAN

(P1 AM Lézine) with the support of the African Pollen Data Base. hMsetill be scheduled with the
LSCE teams involved in climate and carbon modeling (interface with the WRIL)Gadlard has
developed a biological model making it possible to infer a realistic description of past vegetation,
based on pollen paledata. Tis is of primary importance in particular for estimating (i)
anthropogenic impact on landscape, (ii) changes in carbon stocks and (iii) for addressing feedback
effects of vegetation changes and land cover on climate. This method, first applied in Esnope, i
being developed for tropical Africa, where the impact of climate change together with the growth
and spread of Bantu people in the Congo Basin have significantly impacted the forest cover. MJ
Gaillard will apply this biological model using the higbotution, pollen series obtained through the

C3A ANR project in Cameroon and through a collaboration with the University of Cologne in Chad
and with the ISEM Laboratory in Senegal. This will allow us to quantify the impact of the last
environmental crisiswhich marked the end of the Holocene humid period in tropical Atlantic Africa.

Action 2: better understand the risk of future abrupt changes in warm climates by
analyzing and comparindpnigh-amplitude climatic shiftsunder interglacial conditions.

This bpic covers the study of the Holocene, 8.2 ka cold event (timing, chain of events and
guantification of water fluxes involved) and the comparison of Holocene and MIS5 variability in order
to determine if abrupt or nodinear changes took place during pasterglacials, under different
conditions.

Discussion within-IPSL WP2 and WP5 made it possible to setup ANR project HAMOC (integrating
GEOPSLSCE and LOCEAN). This project is devoted to impregent knowledge of AMOC
variability and links with théediterranean outflow and input of fresh water from the high latitude
during key events, abrupt or not, of the Holocene (e.g. Medieval Warm Anomaly, Little Ice Age,
82008 NB O2f R S@Sy i X0 dftHearatdols (geoaheniical da@cSs, chibrieiirs...)
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and accurately dated coldiater corals and deepea sediments to reconstruct NE Atlantic and
Mediterranean Sea circulation changes at unprecedented temporal resolution (<decadal to
centennial). Paleoclimate reconstructions will be derived fromelsgacombined proxies of surface

and middepth North Atlantic gyre and deepater circulation. Datanodel comparisons will be
performed to explore the mechanistic links (forcing factors) between past climates andskzatye

ocean circulation changetn @ a2 OAF GA 2y (2 GKAA&A alF OQGA2Y HéEZT |t
Postdoc will be funded by the ANR HAMOC in 2015 to study the variability of North Atlantic mid

depth hydrology through the use of new traceeb(RX [ Ak a 33X X0 -sdaydralsad SR AY
foraminifera. These research works will make it possible to reconstruct past changes in water mass
fluxes

This action will benefit from the already active MISTRALS/PaleoMex program focusing on climate and
hydroclimate changes in the Mediterranean Seeer the Holocene using a mufiroxy and mult
archive (treerings, speleothems, sediments, corals) approach.

Action 3: unravel the mechanisms explaining the abrupt glacial variability across MIS3.

The study of specific events and the comparison wittkgroriented model outputs are necessary 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 ongoingissue is associated to an ERC project accepted in 2013 (PI: Claire Walbroeck, LSCE). In
association to this action 3, a PhD thesis has been launched to study the variability of MIS3 through

the use of a new tracer (Pa/Th) that allows the reconstructiopast changes in water mass fluxes.

This action (as well as Action 1) requires the improvement of synchronization between various
paleoclimate archives (ice cores, speleothems, marine and continsetiinent3. This chronology

issue was discussed duriniReS RA OF G SR aSaairzy 2F GKS &/ ftAYFGS |y
2012.The first step of a specific action on chronology, supported-lBSL, deals with improvement

of the DATICE tool, which allows improving age models and the synchronization aicctanards

based on advanced bayesian methods.

Results

Thiswas achievedthrough a oneyear contractwith Bénédicte LemietRudon (half time ¢ auto-
enterprise) supported by APSL. Ms Lemieddudond, who developed DATICE tool for ice cbees,
adapted this software to sedimentary archives. The mpart of this seminalwork has been
dedicated to code implementation and adaptati@md theL-IPSL communityas invited to join two
training sessioné~ebruary and June 2014 dedicated web pagshowshow to use the software and

how tovisualize the datahftp://blemieux.wordpresshebergement.fr/datice_multiarchive}¥/At the

end of this first step, all the implementations regted to run DATICE with sedimentary archives have
been achieved. The DATICE tool has been successfully tested and can now be used for developing
integrated, multiarchive chronologieslhis action will be extended by 6 months of piet tohelp
scientiss from WP5 tgut within a common timeframe, ice cores and key marine records thhem

North Atlantic, theMediterranean Sea and the Austral Oce&hientific questions behind these
applications are (i) the links between high and mid latitudes over thermial scale variability of the

last climatic cycle and (ii) the links between variations of temperature (over continent), ice sheet size,
vegetation, greenhouse gases concentratidased on the interest of researchers from the WP5, we
will include in addition to ice coresseveral marine cores.

In addition to the work on muHarchive chronologies,-IPSL was a contributor of the First Open

Sciencd 2 Y T SNByYy OS 2 Fde Gierls,/Ogtobér-8 2023 [far@bjetti@e of this conference

was to present, discuss and put into perspective the most recent results coming from past and current
AOS O2NXB RNAffAYy3a LINRP2SOGAa O6RSSLI RNAffAy3Ia &adzOk
drillings) in Antarctica and Greenland.
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Action 4: explore the riskf future massive destabilization of the Greenland and Antarctica
ice caps.

Precious information on the maximum rates of-&leeet melting is contained in the records of past
sea level changes. In order to extract all the climatic information and expheraisk of future
massive destabilization, realistic models of ice cap dynamics will be coupled to regional models or
zoomed global models.

The implementation of models of ice cap dynamics (i.e. grizzly) is under progress. A workshop took
place in Marb 2014 to discuss the stats-the-art of action 4 and define the pending mierm
actions.

Miscellaneous, other actions

There is a consensus within the WP5 community about the key interestall WP5 main actions
of:

() improving past hydrological cgclreconstruction and water fluxe@nolecular isotopes in
OA2YFNJ SNBRXZ X0

(i) developing precise, integrated chronologies,

(i) improving new geochemicalroxies measured on bicarbonates(i.e. pH from B/Ca and
UM'B; temperature from Li/Mg and Mg/ and their use for quantitative reconstructions,
climate dynamics studies and data/model comparisons.

These items are three main actions supported HPEL WP5 (see also TWP2 for (i) and WP4 fpr (iii)

For the adbn (iii), Jonathan Erez, professor in geology at the Hebrew University in Jerusalem (Earth
Science institute)will be invited 1 month (supported by thelPSL) to exchange his own expertise

with colleagues of the LSCE, GEOPS and LOCEAN on severahhopidsiomineralization of

foraminifera and corals, development of new tools for palesmgraphy and paleolimnology using

stable isotopes and trace elementsarbon and nutrient cycling in coral reefs in view of global
changeetcX | S g Af f ik duBng thefonfergn@ehodPFOE A Y GS YR AYLI O 3
seminars in the laboratories of thelRSL.

Links to other projects

ANRHAMOC (Holocene North Atlantic Gyres and Mediterranean Overturning dynamic through
Climate Changes), MISTRALS/Rdk0 (interactions between Climate/Environment/Human
societies during the Holocene in the Mediterranean Sea); -MIIRIOPOL (Indian Monsoon
Paleovariability); ANELPASO (ENSO/ELNiflo and their impacts on low latitude hydrology and
monsoon); LMI Paleotraces éthe PRIMO project; Ggoing dataoriented or modeling projects at

0KS 9dzNR LISy €S@St 2N ylraAz2ylLt fS@Stf 6b99azxX 9a.
new Tools, to understand and simulate the evolution of the Earth System) and@QNOCL (East

Asian Monsoon variability).

A TransversaVork Package 1: Numerical modeg of the climate 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 gaon major developments and improvements of the predictive
capabilities of climate models. In the absence of established analogues of greenhotsevegas
climate change, numerical modelling based on a physibaed representation of the key
processesnd components that govern the dynamics of the climate system is increasingly recognized
as the most valuable approach to anticipate future climate change, at both the global and regional
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scales, and to improve the predictive capabilities of climate modleSL has progressively developed

a comprehensive Earth System Models (ESM), with a leading position in many of the relevant aspects
(such as ocean modelling, carbolimate coupling, cloud feedback studies, patdinate
simulations...). The three mainbfectives of this transverse work package are (i) to provide
AAYdzZ  GA2Yy NBadzZ G6a FyR G2 OFNNE 2dzi aLISOAFAO aax
undertake specific developments that help the other work packages, and (iii) to contirdeétop

the IPSL climate model to maintain the IPSL Earth System Models (ESM) deadimigl

In view of these major scientific and societal concernslPISL will focus on three related
key objectives:

, Improving the representation of physical processand their couplingg he inclusion of new
interconnected components (carbon cycle, chemistry and aerosols) into climate models and the
need of more reliable regional climatehange projections require improved representations of the
basic physical procgses. Special efforts will be made to improve the representation of cloud
convectionturbulent processes, the hydrological cycle over land, coastal upwelling and ocean
vertical mixing at high latitudes, coupling between atmospheoeean and cyrosphere, aesol
cloud interactions, fast coupling between atmosphere and ocean, and to increase the resolution of
the models.

, Improving the representation adierosols andiogeochemistry processes and their coupling

with physical processeg§o better represent the hility of natural sinks to absorb anthropogenic

CQ, key processes will be included and improved (lamegetation phenology, phytoplankton
physiology, carbomitrogen cycle interactions) in the terrestrial and oceanic carbon cycle models.
Beyond C@ other climate forcing agents (aerosols, methane, ozonehNX 0 g A f f KI g8 2
explicitly represented, which requires both interactive atmospheric chemistry and representation

of biospheric fluxes (e.g., oceanic DMS or VOC production as well as methaneugiod by
anaerobic soil respiration).

, 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. Amajofee NIi ¢Aff ©0S YIRS Ay NBgNRGAY3
FGY2ALKSNRAO yR 20SIYyAO Y2RStaz dzaAy3d ySg | LILINE
GAO2341 KSRNYf 3ANRRAEUVLI AY -GubpdsSahdnicdelirrasyubtdres.(iTe2 f & F 2
increased power will enable increased model complexity, resolution, and the number or length of

the simulations.

Mid-term actions

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

Action 1: Working towards high resolution versions of 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 tharameerizations accordingly, (ii) developing

new tools for high performance inpututput and tesing them with the oceanic modeind (iii)
NEGNAGAYT GKS aRe&yl YAO!I f O2NBa¢ 2F GKS |dYz2aLk
GAO2al KSRNI f 3IAINRARAE D

Reporting on this action will be done in future Action Plan ver$immnkABEX funding yet)

Action 2: Development and better integration of the various cycles.
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All model components have a representation of the water isotopes, but the full integratiamein t
global coupled model has to be donénelTcurrent aerosol model somprehensive 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 diffeneodlel components (chemistry, ocean

and terrestrial carbon cycle).

Reporting on this action will be dernn future Action Plan versions (no LABEX funding yet). However
WP1 partly covers this action.

Action 3: Developmety adjustment and evaluatiorof the versiors of the IPSL Earth system
model.

New developments have been made respective to the-l185 model used for CMIP5 that should
significantly improve the characteristics of the simulated climate: update of the atmospheric
convections, new land hydmdy, increase of horizontal and vertical resolution for both the

I Y2 aLKSNB YR (GKS 20Stys SGOX Ly FTRRAUGUAZY S |'
parameterizations is now recognized as a key phase of the development process of climate models. A
new vasion of the IPSL ESM will bevelloped, tuned and evaluate LG gAf €t O2y adAildzis
of the model version that will be used in the next phase of CMIP.

Results

Twopostdoc have been hired in 2014 to help the development and the tuning of theersion of

the IPSICM modelThe main objective of their work is to improve the energy flow within the climate
system, with a focus on the latent heat flux over ocean for one of them, on the clear sky radiative flux

for the other. For the latent heatufk, the link between its bias in AMIP runs and the SST bias in couple

runs has been established, and work to improve the latent heat formulation is in progress. For the
clear sky radiative flux, the two first steps are ongoing and are the following tégttand optimize a

new radiative code of the atmosphere and (ii) to include for the ocean an albedo model that depends

on meteorological (wind speed) and biogeochemical (plankton) variables in addition to the solar
zenith angle. Then the development at@ adjustment of the relevant parameterizations will be

done in all the model components (atmosphere, ocean, land surface...) using mainly forced
simulations. Both works will be summarized in publications.

Action 4: Development of a stretched versiohtbe IPSL Earth system model.

LMDz, the atmospheric component of the IPSL model, has a stretchable lorigitiaide grid that
allows grid refinement. To transpose this capability to {BSM, it is necessary to develop general
tools to interpolate gasrad dust emissions on the atmospheric grid and to interpolate any data on
very fine grids.

Results
This action, already decided and funded in 2012 was delayed. An engineer has been hired in 2014 to

work on both actions 5 (below) and 4. He started to warkaction 5 and the development of the
stretch version of the IPSL model will start October 2014.

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

¢KS /aLtp Y2RSt 2dzilldzia O2yaiAridzssS OBy i SEBSI
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An engneer has been hired in late 201Re already hagublished and documented new CMIP5
results for the IPSL models, has corrected around 50% of the detected errors, documented the various
errata and written a FAQ web pagkle is part of the ESGF Publisher Working Team to improve file
versioning thought CMIP5 archive. He also developed tools to facilitate CMIP5 analysis and
documented them. In particular, he developed tools to (i) find and list the available CMIP5
aggregatbns at IPSL according to the user requirements and (ii) to check the time axis of all the files
and to automatically correct them when possible. This later task is very important as many CMIP5
FAESa OFyQi o06S dzaSR 2NIX S J8uye togpobénS b thedwmk RdzsOS R S
description. To facilitate the analysis of the CMIP5 data, additional disk space has been bought to
increase the storage space (currently 450 To). Data and tools araldgatirough the icmc web site
http://icmc.ipsl.frin the CMIP5 section.

Links to other projects

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

European
7 COMBINE (2062013)
1 EMBRACE (202D14)
1 ISENES 2 (2013016)
1 SPECS (202D15)

ANR
1 CONVERGENCEL22016)

A Transverse Work Package 2: Data management
A

Main objectives and strategy

Observations for monitoring climate changes require long data settuding instrumental
measurements and paleoclimate proxiesvailable series of observatioasd proxie are strongly
inhomogeneous in nature, length, observed parameters, location, sampling, resolution, requiring
I R2dzadYSyGas O2NNBOGA2Yya X |yR lfglréea O2NNBaLRy
strategy for taking advantage of these measurensenbnsists in comparing them with numerical
simulation outputs that give a more global context. Another strategy consissmultaneously
collectingobservations of many essential climate varialiedetter undersand processes. Finally
innovative instuments and methods are required to access new measurements that help to
characterize climate changes and constrain models. Preliminary tasks caonfisigentifying,
collecting, qualifying, correcting, coupling, and formatting theése series to insure hetter use of
these data with models. The attribution to climate changes on-engn series of measurements as
well as numerical simulations requires both sophisticated statistical analyses. -IRf&_LABEX
proposes to complement and insure a better catination with the thematic national data centers

like ETHER or ICARE atmospheric and aerosol compositioespectively IPSL teamare collecing

a large arrayof observationaldata (satellite, airborne, groundbased). The use of such data to
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evaluate models requires specific analyses to ensure the consistency of observed and simulated
parameters (parameter definition, spatial representativeness, H@mg homogeneity of
measurements) IPSL has setup the ESPRI structure for coordinating data handtingoth
observations and model outputs (Prodige@MIP5 project). The expertise on innovative techniques
can be further increaskwith a better coordination across tHeABEXartners.

One of the main goals will be to provide accurate reference obsemnstevailable for direct
observations with numerical models and associated statistical analyses. For such purpose, new
innovative measurements and data serignalyses will be developed. One example is the use of
water isotopes to compare model outputs wiffeld measuremerg and/or paleeproxies through
proxy-forward models.

Mid-term actions

Action 1:Water stable isotopes database and working groupe

Water isotope ratios in rainfall and palgwoxies (ice, carbonates, organic molecules) provide
information about the history and circumstances of water precipitati@nansfer, phase change,
temperature, convection, precipitation, evaporation). This is complex but useful information for
understanding atmospheric, continental and oceanic cycling of watelbdtr actual measurements

and paleeclimate archives. While isotopes are already include in the IPSL Earth model, this LABEX
action is a good opportunity to compare model and observations. Two tasks are proposed:

The first one consists in collecting exigtih80, 170 and D data series in a database to allow direct
comparisons with model outputs in the framework of CMIP5/PMIP3. This action may concern the
instrumental series, the most recent (last centuries) préxy G 6 G NBS NAy3Iasz &LISt S
continuous older records and those centered on CMIP5 periods 6k and 21k. This database will be
developed in coordination with the IPSL data management team (ESPRI).

The second task consists of forming a specific working group, on water isotopes in adestthen

other isotopes might be included, with the objective to start the building of the database, to promote
and improve methodologies (reports, courses), the model/observations comparisons, to promote the
data base use in-IPSL WP actions and to dgsicampaigns using Picarro spectrometers and other
measurements dedicated to water cycle investigation, in different domains.

Results

Fifteenmonths of the postoc have permitted to compile all the available d180 and d13C records
stored in the NOAA and RSAEA websites and the internal database of the LSCE. Raw data from
published datasets were isolated, homogeneously formatted (fixed data disposition and samples age
unit) and stored on individual files, while age model information were extracted anddstore
separately. The evaluation of the quality of the available age models was performed on dated
datasets, and age control quality flags were integrated in a single metafile also providing essential
information on all compiled datasets (~1500 dated recondd 4700 not dated for d180, and 800
d13C dated records).

An openraccess online platformhttp://webportals.ipsl.jussieu.fr/ClimateProxiesFinder/latestias
been built, providig dynamic and interactive browsing, visualization and downloading facilities for
compiled data, and a manuscript in being written for future publication. This action should be
extended by 6 months of pedbc to finalize the database and manuscripts ad a®ko integrate the
database in the PMIP program.

Additional resources neededd months of postloc to finalize the database and manuscripts
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Action 2:Climate data availability and statistical analyses for climate attribution

Time series of both numeral experiments and direct observations include a large {aterual
variability. For future projections based on past data, and for the attribution, it is important to be
able to analyze the variability and identify their causes. Available data need idebg&fied and

aKI NBR® ¢KAa OFy 06S R2yS (GKNRdzAK + aOftAYIFGS L3N
database.A metadatamanagementtool has been developed to organize all data portals that are
developed within the TWP2 (valid for the Arctiata portal and for the Climate data portaln
addition, ®phisticated and robust statistic methods need to be developed. The relative reduction of
the ground temperature increase observed during the last decade or the solar signature could be
good candidte for such investigations. Such a group already exists within IPSL: SAMA. Within the
LABEX, it is proposed to organize dedicated workshops to share the expertise and present some of
the challenges corresponding to specific LABEX issues. This actimnaeitirdinated with WP2.

IPSL developed a comprehensive mpitrameter observatory of atmospheric processes and
surfaceatmosphere interactions in the Paris area covering over a decade -@2uD8. In this action,

we propose to finalize the developmenth@rmonized leveB dataset that include over 40 essential

climate parameters observed over the Paris area, provided with a regular time step (hourly over 10
years), ensure homogeneity of data processing, and data quality control. Data sources are: SIRTA
observatory, MétéeFrance surface stations and radiosondes, Meteosat geostationary satellite. The
project will allow new key parameters to be included in the Ialataset (Lidar profiles, H20
isotopes, MSG data, largeOl £ S NB I A YS I Xobthis levéBRlatdsaf had grdven toB&S NE A 2
very useful for both GCM model evaluations (Cheruy et al., 2012) and for climate variability
understanding (Chiriaco et al., 2014).

Resources needed:2-month engineer contract to finalize lev8ldataset develoment.

Action 3:Arctic data portal (see also WP3)

TWP2Action3 is linked with WRAction4. Adata portal linking existing observational datasets at
high northern latitudes leadingas been created with the aim to addilue in terms of new data
analyses ath model developmentparticularly in thelPSL global modeling communityhe LABEX
Arctic data portalis complementary to and builds on/ contributes to other national efforts. In
particular, this initiative useexisting data infrastructureESPR(climate portal). Many sources of
data have been identified, building on the Chantier Arctique prospeetidedirect links providedin
the portal Links to other international efforts are also part of the portal.

Results

The portal will be presented first thé Labex committee and then to the wider community, as part of

the Arctic workshop planned for the first semester in 2015 (WP3). The aim will be to present the many
datasets which are available and discuss how they can be used in new ways, to improve IPSL
modeling capabilities in the Arctic.

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. A$ehproposed instruments are different but

use similar expertise. To conduct an optimal development of the future innovative instruments,
dedicated workshop$iave been held and will continué strategic document has been written. A
powerful 3wavelengths lidar to measure the aerosol size distidyufrom ground to the tropopause

was designed and is under development (deployment spring 2015). 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 obsetions. This action will be coordinated with WP1.
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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 frotretcoordnated use othe 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 netvork 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 concerns analytical laboratory instrumentation with#P&L laboratories for
geochemistry and geochronology. The buijol of such coordination in an analytical platform at LSCE
and IDES has started and was supported within the initial phase of LABEX for the funding of a clean
preparation room. The LABEX is actively promoting therexd use of this platform within LABEX
laboratories: a new project mostly funded in WP4 concerning the impact of climate change and
acidification on coral reefs will start in 2015. The project will promote new geochemical tracers and
their understanding ad calibration and will rely on the shared use of -MI® coupled to Laser
Ablation at the LSCGEGEOPS platform and the ALYZEE platform at LOCEAN who will coordinate the
project. The project will also benefit from the new acquisition of aHCRMEHR at GEPS, funded

by the lle de France Region and University Paris Sud (Orsay)

Resources needednvited senior researcher expert in air quality

Links to other projects

The isotope working group will benefit from the ongoing experience of Wsibiso projecbijcation

of satellite measurements, FTIR, Picarro and GCM outputs for Siberian ediodouzel). The
introduction of water isotopes in the Oceanic Model is being realised through the Past 4 Future
project (J.C. Dutay). The group is also involved inl#@TROPIC ANR project, designed to better
understand water cycle and related coupled modeling uncertainties through water vapor isotope
measurements. The Arctic data portal work aPISL will be linked to national efforts related to the
Chantier Arctiqgueand to international data catalogs.

A Pdéle for Earth Observations at IPSL has been established with the objective to strengthen our
activities dedicated to a better understanding of the climate system based on observations. The goals
are (1) to better coainate our contributions to Earth observation programs (satellite missions,
groundbased observatories, field campaigns, analytical platforms) and (2) to develop more
advanced tools to support the scientific exploitation of observational data.

TWP2 of UPSL is strongly linked to the second goal of the IPSL Earth Observation Péle, since it

proposes several actions that develop new tools to improve data harmonizing and access for IPSL
users. Hence TWP2 will help the development of the Earth Observatien P6
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A Transverse Work Package 3Assessment of uncertainty in climate
diagnostics and projections
Main objectives and strategy

The objective of this transverse work package it to strengthen strategies and methodologies across
the different WP for assesginthe uncertainties associated to climate diagnostics and projections.
The work is divided into two major tasks. The first one will make use of scientific expertise developed
in the different WP to improve the characterisation of the cascade of uncesiftom the climate
forcings to the regional climate response focussing on model skill and the understanding of model
uncertainties. The second will provide the scientific ground, climate indicators and methods that are
needed to characterise the uncentdies in the different model outputs and to evaluate climate
indicators that are used in impact or adaptation studies. New scientific developments are needed to
achieves these goals and the outcome of this TWP will be of direct use to define the inn@ration
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 commonxpertise to qualify and quantify the uncertainties considering the different
sources of errors inherent to model structure, experimental protocols used to run climate
simulations, downscaling strategies or statistical analyses;

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

In the long term this will provide:

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

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

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

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

Mid-term actions

For the next two years the focus will be on the characterization of model performances and
uncertainties in the different analyseperformed along the 5 major issues identified to be the major
mid-term focus of the LABEX.

Action 1: Development of new methodologies using mutiodel ensembles

Several gaps have already been identified in the IPSL community concerning the userentdiff
types of model ensembles. A first action will be to share the different practices across the work
packages. This also includes the specific analyses of model ensembles needed for decadal prediction
as part of WP2. There is thus a need to organizeifip seminars and internal workshops for large
scale diffusion and common development of new methodologies.
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Results

A specific day will be organized (organizer: M. Vrac) in November 2014 around a seminar by James
Annan who will visit IPSL. The objestwill be to review the ensemble methods used in the different
labex WP, considering large scale moitidel analyses and muitnodel forcing for regional studies.

Action 2: Gather key diagnostics for model evaluation

Model evaluation is a key componteof 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 of the climate system. This taskmemawth 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.

Results

Jerome Servonat visited PCMDI in sprifige objective was to discuss the new metric software
RS@PSt 2SR |4 t/as5L FyR G2 GSad Kz2g AG OFry oS
development between IPSL and CNRM for systematic benchmarking of new Earth System Model
versions. The new toualill be presented on September 30 2014 at IPSL. The objective for next step is

to create a network of diagnostic developers to

1. incorporate a suite of basic diagnoses in the model running environment
2. share more sophisticated diagnoses in a common library.
3. Systematically apply these new tools to test and improve @& _climatology.

A specific meeting will be organized together with ERFESTERRE and AGBNVERGENCE project
in early 2013, so as to best use these new evaluation capacities to evaledRSth and CNRM model
versions that will be use to run the CMIP6 ensemble simulations.

Action 3: Identify and diffuse best practices and statistics

Statistical methods play a key role in climate analyses to isolate modes of variability or extreme
events,or in downscaling and 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. Willdbe done in collaboration with all the WPs.

Key topics to be discussed across the work packages 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 nodel biases.

Results

The starting point for this activity will be a short workshop during the labex AG to identify what are
the different statistical methods used in the different work packages to analyse climate variability or
extremes, dowrtale modelresults, or assess uncertainties.. We plan to isolate one or two transverse
subjects and to propose a syntiepapers. We envision that on of them would be on downscaling
and bias corrections and the other ome model evaluation at different spattemporal scales.

Action 4: Estimate and understand uncertainties 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 providethéoother communities and in
the presentation and scientific discussion of the different uncertainties. The production of climate
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indicators in WP4 will serve as examples on which specific assessment of uncertainties will be
performed. Cross meeting witke 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 in WP4. This will be achieved through a -plost position open, coordinated with 8

and WP4.

Results
This action is conducted jointly with WP4.-pe2r postdoc was hired in Spring 2013.

A first analyses was done on heat stress for health indicators, jointly with WP4@mostyan Zhao).

The choice of this indicator was motigdtby the fact that different indicators exist and that they
require to consider temperature and humidity. Since humidity is in general not well reproduce in
climate models it is important to know if climate model outputs are reasonable and can be used to
tackle these health questions. A manuscript is under preparation.

Several CEPS ANR project are nearly finished. In 2015 a TW3 meeting will be dedicated to the use of
key indicators in these project and prepare a synthesis of the results with spegfiasre on the
treatment of their uncertainties.

Action 5: Assess the different sources of uncertainties

Clear assessments of the results that are provided to other communities are needed. However it is
difficult to find its way in the numerous source$ uncertainties, their characterization and their
impact on the final result. In a first step TW3 will foster the synthesis of ongoing work and prepare a
work plan concerning the different scientific action needed to tackle these new subjects. Tiis will
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 onsthéopics and the level of implication of IPSL
LABEX

Results

Several actions started in connexion with the /AHCTIF, the HCLIC and IENES2 projects. A
particular focus was put on cold waves, so as to quantify the sources of uncertainty arisiriggrom
definition of cold wave and the choice of a semtonomic scenario in one hand, and model biases,
structural uncertainty and internal climate noise on the other hand. The results are part of Aglaé
Jézéquel OACOS M2 report.

As part of SECIF, and withe cofunding of GISLIMAT environment, IR@Bbex, and IDDRI a
O2ff2ljdzhidzy aoLy0 OSNIAGdAdzZRS&aL gAff 0SS 2NHIFYAT SR
on 1718 November 2014. This meeting is organized around 3 sessions covering rdgpgctive
Certainties and Uncertainties; 2. Different opinions on uncertainties. 3. Dealing with uncertainties. For
each of these topics a plenary session will introduce the subject and round tables will allow in depth
discussions. A group of student will mgyage to prepare the conclusions of the meeting and propose

new directions for future work.

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 addédW3 would be to organize the return of expertise of
these projects and to propose more perennial activity. It will also help to identify questions and
results that will further benefits from a transfer of expertise as part as the labex valorizataiagst.
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Interactions with ISENE EU-tnfrastructure and DRIAS project for the understanding of user needs
and the identification of gaps in research activities.

2.4 Research: Provisional Budget for the mid -term
The LABEX budget is proposed on a ydmbys with a Z/ear perspectivéprojects decided on Year n

can last 2 years)his is illustrated in the figure below.

Mid-term research budget evolution

June 2012 June 2013 September 2014
Action plan2012 Action plan 2013 Action plan 2014

422,000 Euros >
310,000 Euros >

555,000 Euros '

September September September September September
2012 2013 2014 2015 2016

L 4

Eachyear the budget includes

1 onInnn Sdz2NBa F2N | yAYLl Gfer2ayl-YearApgriods te3pe decidgd2bi] a K 2 LJ
WP/TWP leades

1 A budget for projects (postloc or engineers salaries), in 2014 360,000 euros

1 A budget for invitations of foreign scientists, in 2014 32,000 euros

The table below summarizes the proposed funding for mature actions for thetemid research

action plan. Actions proposed for funding (orange lines when decided in 2012 and blue when
proposed in 2013) are distinguished.
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Proposed funding and laboratories
involved

Dates /
schedule

WPs

Proposed
budget in

2012

Proposed
budget in
2013

Proposed
budget in
2014

1 Year postloc for the development o
a data base on Water Isotopi
IDES/LMD/LOCEAN/LSCE

Jan -->
Dec 2013

TWP2/WP5

45

1 Year postloc for the development o
multi-archive, integrated age model
IDES/LOCEAN/LSCE

Mid 2013
-->  Mid
2014

WP5

45

2 Yearpostdoc to study the role o
volcanism in the last milleniur
LATMOS/LMD/LOCEAN/LSCE

2013 and
2014

WP2WP5

90

2 Year postloc to study the changes
the C transfer between land and oce
in the Arctic regior
LOCEAN/LSCE/SISYPHE

2013

WPLWP3
WP4

90

1 Year Engineer to develop the Arc
data portal ALL

2013

TWP2WP3

45

linvitation of expert for the
development of time of emergenc
indicators LMD/LOCEAN

2013

WP2

15

2 Years postloc development ant
evaluation of indicators ALL

2013
2014

and

WP4A+WP3
TWP3

90

2 years engineer model to facilital
model results analysis and to set
new IPSimodel configurations

2013
2014

and

TWP1

90

Invitation of an expert on cycle
interactions

2013

WP1

15

Workshops and animation 20422013

All

30

1 Year postloc on Grand Challeng
issues on LGM and future clima
sensitivity, and paleeloud workshop

2013
2014

and

WP2

50+10=60

Invitation of Scientists in the framewol
of the WCRP Grand Challenge

2013
2014

and

WP2

20

2 Year postloc regionalmodeling of
the intermediate scales in West Afric
and cloudcirculation feedbacks WCEF
GC on climate sensitivity

2014 ¢
2015

WP2WP3

100

Visit of scientists on water vap(
observation over the Arctic region ar
on PBL (SIRTA)

2014

WP3

15+5=20

1 year postdoc (cefunded LABEX MEF

2014

WP1

25

1 year postdoc support to IPSL mod
development and tuning

End 2013
- End
2014

TWP1

55

Workshops, animation for 2013014

30
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6 month continuation for the

development of a data base on Wat 5835 N Twp2/wPs 25

Isotopes

6 month continuation for the End in

development of multiarchive, WP5 25

) 2015

integrated age models.

2 year postdoc on IR impacts of du WP1 110

aerosols

1 vyear engineer  on SIRTA di TWP2 40

reconstruction

1.5 year on impacts of CC on fluy WP4 75

exports

1.5 year on acidification WP4/WP5 85

Invitation scientifiques

V Balaji (6 mois), J Erez (1 ntig A

Evan (3 moths), M-J. Gaillard (i LS 32
TWP1

months)

Workshops WP5 30

Total 555 310 422
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3. Innovation and expertise transfer

Climate research teamsand in particular IPSt_have built scientific knowledge and technical tools
that is transferable beyond the sole realm of resea&lstronger and more integrated link between
climae science and society is therefore requiredbuild this transfer This will steer employment
for students, further use of IPSL science in many domains, and new scientific questions, sometimes
fundamental from downstream application$he LIPSL neeslto design an adequate strategy to
spread climate knowledge and the associated tools and sengecethat (1) it makes sure that its
evolving expertise and the associated uncertainties and limitations, are fully taken into account, but
also that (2) dedicatd new structures are set up to provide the necessary help to confront a huge
demand which is well beyond the capacity dPISL alon€lhis strategy requires involvement of the
scientists.
The capacity of-lPSL to transfer knowledge and innovation conseseveral domains:
wlnnovative instrumentation for environment observation and monitoring;
w LYyy20FGA0S Y2RStAy3 F2NI SYGANRYYSyid LINBRAO
w S5A&AGNROdziA2Y 2F OfAYFGS AYyF2NXYIGA2Y YR &
w ! ROFYOSR YI G§KSYI (i Adal) rhethdd¥ B bidmiSne bbgdritati®ns andl mddel & G A
results for monitoring, forecasting; downscaling or uncertainty assessment.
In each case, a specific strategy for innovation and the creation a value is needed aldgysif the
L-IPSL will be twiold:
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 ;
i to develop a stronger partnership with industries and SMEs and use them agov®oof
Knowledge transfer, in particular through neacademic partners.
The EIPSL LABEX has developatbvation and transfer itwo strategicareas which are reported
here:
1 Innovative instrumentation
1 Climate services (grouping all activities such as daling, climate information and
methods)

A2y
2 OA

l.".]
azo

3.1 Innovative Instrumentation

L-IPSL scientific priorities concerning the monitoring of climate require the development of
instrumentation for all possible platforms: ground based, airborne, within the ocieam 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 continuous development of innovativesiruments and analyses is absolutely necessary to
calibrate the measurement networks, increase their reliability. This part will be addressed R TW

It naturally leads to a transfer toward SMEs or larger compaiitgs.transfer is necessary for long
term climate monitoring, which require development and operations sagries of identical
instruments, with operator institutions that are not necessarily within research teams.

The figures present a few of major instrumentalPiSL facilities, lidars, magsectrometers as an
example of past IPSL instrumental use or development:
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Erreur! Source du renvoi introuvable.

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

An innovative instrumentation ad hoc group has been implemented. A meeting has allowed to
have an panorama of IPSL activities. The typ# activities could be splinted in instrumentation,
codes and algorithms. For the three last years, only activities related to lidar have been
implemented. At IPSL level (compared to laboratories activities), no other instrumental projets
have been idenified with strong links with the labex. Therefore, L -IPSL support has and will
help the lidar strategy to be implemented. L -IPSL will help the development of new
generation for aerosols and vater vapor 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 measurement with several objectives: research objectifs activities and
possible to industry to answer to the requirement of continuous observationsboth for
operational network and research climate observatories. On the other hand, within two years,
high performances multispectral lidar observations will be performed continuously as long term
observations.

In 2012 2013, L -IPSL activities have been th e following:
1 IPSL High-Performance multi -wavelength Raman Lidar

Gordien Strato and Raymetrics conducted a prdesign study conducted from January to June
2013 to explore several possible optical and mechanical design options. The gtesign study
yielded a 75 page document presenting technological challenges and solutions regarding (1)
Laser emission, (2) Lidar telescope design for near and far field, (3) wavelength separation
optical box (including wavelength filtering, depolarization, optical alignment) (4) system
control and automation capabilities (including safety, optical alignment, optimized operation),
(5) sensors and electronics, and (6) design of the enclosure. Threeday meetings were
conducted with Gordien Strato, Raymetrics and IPSL to disssithe pros and cons of the various
technological solutions. The predesign study allows us to adjust design vs cost (telescope, optics
and automation) and to write a more precise Purchase Technical Document.

Therefore, the instrumental specification was witten. The contract was obtained by Gordian
Strato and Raymetric. The kick-off the IPRAL development was held on 3 April 2014.
Manufacturing of the instrument will take place over a 1@month period, followed by a 2month
implementation and test period onsite.The funding includes the contributions of the llede-
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France region, Ecole Polytechnique, CNRS / INSU, CNES and laH®SL The support from L -
IPSL will allow IPRAL to include specific features on system control and automation to help
operate the instrument remotely with limited operator intervention . These features will
include: (1) outdoor controls to make sure operating conditions are safe (this includes an
aircraft detection radar that stops the Lidar in the presence of overflying aircraft at low
altitude); (2) optical alignment system using boresight detector to verify the alignment
frequently and improve data quality; (3) depolarization calibration through robotized polarizer
to allow frequent verification of the calibration and hence improve thedata quality; (4) filter
wheels to adjust the received power according to atmospheric conditions to avoid detection
saturation. These features are innovative in high performance Lidars, and corresponding
developments done by the manufacturers will be abléo be applied other Lidars developed in
the future. Moreover, a project is underway between Ecole Polytechnique and Kaust University
to develop a second IPRAL Lidar to be deployed at Kaust University (Saudi Arabia).

1 Pre-study on DIAL lidar development f or tropospheric water vapor measurement

In 2011, the LABEX financed the purchase of a lambdameter for future dial lidar (Leandre2
follow on).

One of themajor constraints is that the system isto facilitate eye-safe operations under ground

and airborne operations. At the time of the definition of the IPSL strategy (early 2012), we
decided to move towards the area 1.5 microns, including anR & D expectedto focus on the
'release’ of the system (aser source based OPO - Optical Parametric Oscillator- and

lambdameter). The L-IPSL allows to buy ahe lambdameter isbuilt by the German company
High Finesseand marketed inFranceby OPTONLASERNTERNATIONALpnd the only available
for the spectral resolution (30MHz) in impusionnel in the spectral range (@00-1750nm). In

autumn 2013, the lambdametre was mounted in the ATR42 for a series oftest to check its

performance during flight, including his behavior when changing altitude (and therefore

pressure).

In parallel, the financing of a dial lidar follow on "Landre 2" has continued. Note that the targets
were enriched by discussions and work within the L-IPSLaround the measurement of water
vapor isotopes Therefore, it has beerchosen to refocus our development lidar DIAL to domain 2
microns to allow measurenent of the mixing ratio of water vapor and one of its isotopes, ie HDO.
Following this decision, we decided to test the performance of lambdameter to 2 microns.
However, tests carried out LMD showed that the detector did not respond and cut net in the IR
beyond 1750 nm and can not operate at the wavelength selected to make asarements H20 /
HDO (1980 nm).These tests cause to use a model operating continuoudire lambdameter
remains at the disposal ofthe lidar community IPSLfor any future developmentin the spectral
range between 800and 1750nm.

In 2015 Pre-study for a commercial lidar system

This study is related to theeed to have an automated instrument for meteorological needs. As the
financing of a dial lidar struggling to be foundt is proposed to advance the industrialization
component.

The observations ofmeteorological parameters aremore and morescattered from the surface
especiallyin France where the number ofobservation stationshas fallen sharplyover the past
decade.Although it is a priority to keep theradiosonde stationsstill operational in France it is
nevertheless necessary to developstations equipped with automatic instrumentation for
simultaneously measuring multiple parameters of interest for weather forecasting cimate, and
monitoring crisis situations.The lidar could be part of this set of automated instrument and
provide access taemperature and specific humidity, two basic parametersfor meteorology, and
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atemporal resolution schedule.An automatedlidar would measurethe state of theatmosphere
at a much better than radiosonde frequency, although the vertical extent depend on
instrumental characteristics and time of day (hoise induced bythe solar flux).

LSCE has developed a Ramaapor water system that hasbeen implemented successfullyn the
framework of the Mediterranean and Hymex Charmex programs (Chazette et al. AMT 2014 and
ACP 2014). This system could be a prototype for industrial development. The instrumental
characteristics to measure the specific hmidity profile up to an altitude of about 7 km at night
(you can reach the tropopause clear sky). The details available are worse by dagn night, but
they are sufficient to estimate the water content in the boundary layeall day long ( day or night

). It also provides access to the contents aerosol to the tropopause day and nigtATMOS has
developed the lidar DIAL water vapor LEANDRE airborne successfully used in numerous
national and international research programs As already mentionned, thdidar system is now
out of service and needs to be replaced.

A Raman lidar allow significant progress, but the feasibility of such a systasnairborne
instrument remains to be demonstrated. Another approach would be to develop a lidar DIAL
operating in thenear infrared. Such a DIAL system is also a promising technological solution for
meteorological observation network¥he work proposed is to carry out studies to assessthe
advantages and disadvantages, and complementarities of Raman lidar and DIAL systems

for the return of the vertical profile of specific humidity . The studywill be conducted for
ground based system@sed in networks)and for airborne systemsAt first, we will analyzethe
RamanMeteaoorological lidar that would carry outmeasurement®of water vapor, temperatureand
aerosol/ cloud. For that purposewe have an instrument in operatiowhose datawill validate the
numerical simulator.Moreover, we will studya new technology DIAL lidausing theatmospheric
situations already considered forthe error budget study of the Raman LidalNote that the
numerical simulators are available in the laboratories involved. It will remain to adpt them to the
observations choosen for #sestudies.

The LIPSL will fund a CDDBf 6 months This assessmenwill allow to detail the design oflidar
systems an@n evaluation of theircost.

Budget forinstrumentation activities

Actions 2011- 2013 PA 2014
Project 1 Prestudy IPRAL OPMHME
Project 2. Préstudy dial lidar CHPTTE
Participation IPRAL MHPAAOE
Prestudy comparison 0 onnnne O
Raman and Dial lidars
Participation  prototype of y N n j{2036)
lidar
To be decided after the
pre-study
HHHC QY € 2015:30n n n €
2016:y nnnn
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3.2 Climate services

In 2013 the HPSL LABEX elaborated a strategy in the field of climate information transfer for
adaptation, the seOl £ £t SR a Ot AYI GS ASNBAOSa¢eés IyR gKAOK LINP
in a time frane of 2 years by the LABEX teams, building upon existing activities.

The goal for IPSL is to develop an interface between the research and the many applications that
could be developed in climate services by activity and the intended targetted commuiitiesist
therefore develop active links with its tveork of companies, and havecapacityto:

1 Provide projection and processed data (eg, general indicators on all climate projection data,
CMIP5, all CORDEX areas), consistent with the work done withinathework of ISENES
and CLIFC Copernicus projects

1 provide software prototypes developed in IPSL laboratories (eg statistical analysis of series,
bias correction of datasets from the current climate and downscaling)

f RS@St2L) aLAf 20 aandBVES dut With @niinindvative yHardrier; NIon
repetitive, and that would have a return on scientific research (new original questions, etc ...)

Several actions have been proposed, and a number of actions are underway, also funded through
external cdbk (Climate KiC FP7/H2020 projects, MEDDE, Copernicus). The dynamism of the area of
climate services has also led to start new unforeseen actions. Sarfding of activities has been
primarily external to LABEX, but LABEX has funded several key actions:

1 a call for proposals for transfer actions IRSEMEs was launched, and two projects were
selected

1 travel to several important meetings (CSP, preparation of Copernicus Climate Change
Service)

Eight action types were defined, we report here the progressaich, and the proposition for 2015:

1. Forming a «limate service committe® to collect and exchange information and
discuss actions

A small group of researchers and engineers has indeed been formed to promote the dissemination of
climate information, \a contact with the noracademic world (policy makers, industry, SMEs,
consultanciel It proposed a set of projects, maaecall for proposals for projects between SMEs
and IPSL teams, and selected two proposals. It is also working to participate to the national strategy
on climate services as part of AllEnvi, and at European scaleetservices Copernicus Climate
Change Service (C3S).

2. The development of the PRODIGUER service

The PRODIGUER team first core mission is to develop a facility providing climate projections at global
or regional scale relying on major international exersisach as CMIP or CORDEX, as a node of the
international distribution network (ESGF). Apart from the IPSL CMIP5 simulation outputs and
together with several results contributing to various MIPs (PMIP3, TAMIP, EUCLIPSE, GeoMIP, LUCID,
Obs4MIPS), the PRODER service integrated IPSL simulation outputs from ECBRDEX (IRSL

chain CM5AMR-WRF331) at low (50 km) and high (12 km) resolution. Within this scope PRODIGUER
coordinates the national activity by gathering CNRM, CERFACS and the 3 GENCI's compating cent

the ESGIFrance group. The PRODIGUER team continues on a regular basis to help projects making
their way to ESGF. The current one being C@WemistryClimate Model Initiative).
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The second core mission of the PRODIGUER team is to lower the bamaeds the accessibility of

the ESGF resources. Together with a High Performance Data Analysis cluster PRODIGUER maintains
up to date users specified subsets of several high value datasets (CMIP5, Obs4MIPS, EUCLIPSE,
ISIMIP, CORDEX, ...). Set of new featare continuously developed to help users to that end. The

next step towards that goal will be to homogenize time axis of all the CMIP5 subsets hosted by
PRODIGUER.

The development of this service has benefited from several external sources of f(Gd#CLIMAT,
INSU, ANR CONVERGENGENES). The PRODIGUER team is currently composed by 2 permanent
positions, 1 contractual research engineer and two subcontractors.

To strengthen the service it is proposed to extend by 6 month the research engineerkwo
The errata module and the associated strategy that has been developed by the research engineer
at the beginning of his contract will be implemented within the new ESGF end user interface in
collaboration with DKRZ. The aim being to have this centedizrrata service ready and endorsed

for CMIP6.

3. New processed reference climate data sets

Given climate simulations and projections from CMIP5 and CORDEX, several sets of "processed"
reference data have been proposed to allow both for research projectsngracts and for
adaptation studies to develop, both for research and application studies. These products are based
on ongoing scientific projects. They must be made more generic and documented to be eligible for
wide distribution.The proposed products are

T Product (s) 1 A set of historical biasorrected climate projections put on a common grid
through statistical downscaling methods developed at IPSL (CDFT in particular). The aim was
to have such products for a few key variables (T, P, V, radiatiof,fetche global scale
(CMIP5, ENSEMBLES, CORDEX [parts of Africa, Europe, Mediterranean, South America]. This
action has received external funding, in particular from the climate KiC E3P for a few
variables for EUROCORDEX, to start the work, but must dentinued to expand to the
ambitions.

The proposition is to extend the E3P work by the funding of a research engineer for one year, to
achieve most of the proposed data sets

T Product 2 A set of global mukinodel corrected for bias (compared to the curtatiimate)
in 4 dimensions from CMIP5 on a common grid for the main variables used to force the
models of regional climate simulations limits (U , V, T, some surface variables). For these data
collaboration with INERIS took place, but no specific fundasgt®en identifiedAt present,
the methodology is still being validated (Colette et al., 2013), and the work should continue
for climate projections.

The proposition is to mature the methodology in collaboration with INERIS. Funding is to be
identified

I Product 3: A generic set of indicators from the impact models used in IPSL projects. The
production of indicator data of heat stress has not yet started because the validation phase is
still underway (WP4, research component of the LABEX). Other projeatsneaertheless
allowed the calculation of indicators for energy, as E3P (number of frost days), IMPACT2C,
ISIMIP (wind/solar power output, carbon cycle indicators), as examples.
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4. A multi-model data set for nationalscaleDRIAService

The goal isto provide MétéoFrance, whicHeadsthe DRIAS servicprocesgd data (dowscaled,
biascorrected based onSAFRANMNIatase), resulting from the EUROORDEXrojects andMED
CORDEX new higésolution regional simulations (about 10 knresolutior). This task is now
complete. IPSL delivered to Métderance all projectiondfrom EURGCORDEX from European
partners, projected on the SAFRAN grid and corrected for bias. This realization is gradually inserted
into the DRIAS service aatlowed thewriting of the "Jouzel 2'report on climate change in France

(see http://www.driasclimat.fr). This project has received funding fr@an external MEDDE (project
"scenarios for France")

5. Collection and description of projectstewards climate serices»

A web server is currently ued construction for the dscriptionof identified projectslts opening is
planned for the end of 2014.

This action will be continued in 2015

6. Anensembleof climate change impactprojections

On the basis of the work dfABEX researdiP4,the goal igo provide the outputs of severalimate
change impact modeland adaptation projects. Following developments that will be made in the
research component dedicated he is to provide terrd(gears) products from regional or global
impactsin a few key secirs where IPSL developed expertise through ongoing/previous projects

9 agriculture and forestry (thanks to developments around the OREHtdel)

 water

1 energy (several projects developed in IPSL teams)

1 air pollution and health
This action has no identifiegikternal funding, and the strategy is to wait for maturation of data sets
from research projects.

7. Climate analysis software

A set of analysis and data processing softwasecurrently being developed. For examplé&is

includes CDFT which is currentlize subject of a code in R, but remains poorly suited for large data
sets or as CMIP5 CORDEX. A specific development for these large sets is underway to optimize the
code for these sets.

This action will continue in 2015, and will benefit from several makprojects(CDF2). Part of the- 1
year funding proposed in Action #1 could be devoted to this action.

8. New prototype projects with SMEs

These studies, to be conducted in connection with users outside academsiao be identified
through investigation bideas from IPSL teamBhe strategy is botho propose cadl for projects with
consultancies and possibly users (see below), and to develop strategic partnerships with SMEs to
foster expertise transfer. Two types of actions are underway:

(1) A call for propsals was launched in 2013 by the climate service committee, for transfer to
SMEs, funding "IPSISME" teams for the development of a demonstrator (see Appendix C):
two projects are selected and started :

A project of transfer of the LMDz model to a SMBria Technologies) for different climate
applications (lead Frederic Hourdin), summary:
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The team that develops the atmospheric compenent of the IPSL climate model, LMDZ, did propose to
work together with Arialechnologes a private company with strong perience in modeling in
environmental sciences, to prove the capability of zoomed versions of LMDZ to answer demands on
impacts of climate change. A oear project was partially supported by the Labex. For Aria, it
corresponds to an investment in a neaok and new focal area, and, thanks ttas intial funding

from LIPSL, a permanent position was created and offered to a scientist issued from IPSL
laboratories. One of the advantages seen by Aria in using LMDZ, is to compete at international level
with a tool for which they can show a strong direct link with developers, as US companies can show
with the WRF model which has reach a dominant position on such questions.

In practice, the one year project supported by the Labex consists in: 1) a transtpedfse of the

LMDZ model (the model itself being available on the LMDZ web site); 2) a demonstration study which
consits in reruning a case study of climate down scaling for an impact study performd recently with
the WRF model in the frame of the Ce&NIR project 3) finalize and promote a GCidscade
approach developed by Laurent Li for climate change simulations at regional scales. In thi@CMDZ
approach, global simulation with regular grid is ran together with the zoomed version to avoid
inconsiseéncy between the simulated global and regional simulation. This year will also be used to
establish the modalities of collaboration with Afiachnology and to perform a market study.

A «proof of concept» innovation project on statistical subseasondibrecasting (lead Pascal Yiou),
summary:

The statistical method of atmospheric circulatemmlogues was devised in the 1960s as a means for
weather prediction. Its performances as such were soon superseded by numerical weather prediction.
It has mostly bee used as atatistical downscalingpol (e.g. Vautard and Yiou, 2009). Recently, this
method found innovative applications: tleconstructionof atmospheric fields that are compatible

with surface atmospheric structures (Yiou et al., 2013, 2014), anddteetionof extreme events

6, A2dz FYR [/ GGALFIdzZEZ HWHAMHIE HAMOI HAMAOO® 2AGKAY
t NP R dzO S Nifasé//e30.80e.ipsY.fr), LSCE developedtachastic weather generat (AnaWEGE)

that simulates time series of climate variables (temperature and precipitation) that are related to the
atmospheric circulation, with a daily time step (Yiou, 2014). The ingredients of this weather generator
are random selections of analogugfisthe atmospheric circulation over the North Atlantic region. This
weather generator was tested for European temperatures, with a couple of test cases (summer 2003,
winter 2009/2010).

In its present version (free software protected by a depository atRtemch APP), AnaWEGE
simulates large ensembles of sequences (for instance, seasons) that are initiglisdserved

conditions betweer® January 1948 and $1december 2012. It allows to determine the probability
distribution of daily climate variable@emperature, precipitation) after a known initial state. It

F LIS NB GKIFG GKAa G22t OFy 6S Y2RATASR (2 LINE
appropriate choice of circulation analogues. Hence, we plan to test the performance of this tool to
simuate the spread of climate trajectories at a time scale between days and seasons.

This tool is not intered to replace predimns from meteorological centse but to generate large
ensembles (at least several hundreds of members, on a desktoputer ina few minutes) of
climate variables, and compute their probability distributions. The scientific added value is a focus on
regions, which is not reachable by numerical weather prediction products. Its ultimate use (for ARIA)
is to increase the client awamess on uncertainty of weather prediction, and hence constitute a useful
pedagogical tool. ARIA also showed an interest of the AnaWEGE tool (as is) for its own needs.

The scientific tasks of the project will be to adapt the AnaWEGE programme to prediciien
(based on reguldy updated reanalyses). In this project, we teiit the stochastic prediction mode
against observations (and availableevptional analyses)ARIA Technologies made several market
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studies on the impact of climate change. It wasniwuhat most potential clients are interested in
subseasonal climate prediction and uncertainty.

The project is intended to transfer to ARI&chnologiesknowledge, statistical methods and
uncertainties at such scales, by performing a common evaluatiok. wor

(2) A project of transfer to a new spwff addedvalue data setfrom PRODIGUER, partly funded
by the LABEX and the Climate KiC

The project"Climate Data Factor®', A & F2ft 2¢Ay 3 | GLI GKFAYRSNI LINR 2 ¢
gathering a consortium ith IPSL, ALTERRA (University of Wageningertharabmpany CLIMPACT
METNEXTwith a goal of developing stattp developingmaking the firstdata processing that would

allow work from consultancies with simpland more calibrated climatdata sets thardirect data

from ESGFas well as training on the daté. KS & LI G KFAYRSNE LIb2a&k@ild o1 a
analysisand product definitionand proposeintellectual propertyrules The newinnovation project

if funded by Climate KiC, will haBeyears tolaunchthe spinoff and products A summary of the

project is:

CORgAft GFNBSG AlGa LINBGRIIOWHAG SF yaRLISIOS\NIE MGiSido- (bza & W £
businesses sector allowing them to easily include climate projections data in their owrctprodu

services and act as Value Added Resellers of climate informakiertechnical challenge is to reduce

the complexity of use of the raw climate projections simulations with a-grosessing (data
standardization, correction and synthesis)mmketK S&S RIF G & $dmbine8 Nith &2  dza S §
service of training and coaching. The training offer will involve ClikEIeacademic partners for

their delivery across Europe. The major outcomes of the project are thus innovative data products and
training sevices as well as a new company dedicated to their commercialisation that aims to operate
undertheClimater L/ 'y R O2y GNARodziS (G2 GKS YL/ Qa adzaial Ayl

IPSL is now involved imwo projects of the Copernicus Climate Change-gperational services
(EUCLEIA and CigPand is currently defining its strategy for the future Copernicus Climate Change
Services (C3S) that will start in 2015. Another national project funded by the MEDDE has started in
2014 (EXTREMOSCOPE).

EUCLEIA and REHMOSCOPE both aim at developing new methods and tools to better understand
extreme events in the context of climate change. EUCLEIA works at the scale of European events
while EXTREMOSCOPE works at the scale of Fanggor aim is the attribution aévents. This is a

topic where demand from medjgublic stakeholderand the insurance sectaxist. The first study

of these two projects concerns the case of last winter, which is ongoing:CCislR project where

IPSL will develop research and methods goojection data processing for the definition of useful
climate indices and uncertainty definition.

IPSL strategy for the Copernicus Climate Change Services will be to further develop climate
projections and their processing (CMIP and CORDEX) for thieeséPSL will also propose indicators

in a few key sectors where past and ongoing projects helped develop expertise (energy, water,
 ANK Odzf GdzNBZ SEGNBYS SgSyiaz Xoo
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Budgetfor climate services activities

The LABEXexpenses (committed and foreseen) asemmarized below green=starting in 2014,

yellow=starting in 2015)

Actions Commit.20132014 | PA 2014
Project 1. Transfer dfMDz | 60000
Project 2. Transfer 37000
méthodologie analogues
Missions & training 4885
Project 3. Climate Data 100000 (2015)
Factory 50000 (2016)
50000 (2017)
Project 4.Bias corrected datg 50000 (2015)
sets at global/Europeal
scale
Project 5. PRODIGUE 25000 (2015)
support
Other projects AO IPSEME 150000
2015
Missions 10000 (2a5)
Total 101885 2015: 335900
2016: 50000
2017: 50000
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4. Education and Training

4.1 Main objectives

During the next decade, the needs for education and training on environmental changes should
increase largelybecause political and economdaecisions will have to takelapal changes into
account from global to local scales. This will concern all aspects of ouresmeiomic system, from
citizens to governments, from stadp initiatives to international companies. New opportunities of
careers will appear, the skills fexkisting 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 activities. It has reached angdadty, making
possible and necessary its spread beyond the research community through projects of reference
textbooks, elearning modules, and collaborative websites. At the same time, the fast expansion of
the international dimension of research andueation, with a constant motion of students and post
docs between the major laboratories around the world, is also an element to add in the education
eguation. The various master degrees existing on climate issués die Francenust improve their
coordnation and be more visible for French students but also for foreign students.

The objective of PSL, in a very active education and training ecosystem around Paris, is to provide
and improve the bridges between the continuously evolving science deselm the research par

of LIPSL, the mubl@ctor highereducation system (universitieggrandes école&s X0 X | YR
increasing demand of knowledge about climate issues from various sectors of the society.

4.2Implementation

The implementation of the abwe general objective is organizedthrough five axes, defined and
animatedby the education committee of-IPSL, formed by one professor or assistant professor per
partner of the LIPSL

A Axis t Improvement of theorganization and visibility of thegraduate level
education on climatesciencesn lle de France

A label formaster education on climateln phase with theplans quinquennaugrf the universities,

the education committee propose the development o€imate path through masters of thellRSL
partners with ajoint knowledge base and skills that all graduatedents studying climate should
have. A labeis proposed validating (1) a minimum knowledge of climate sciences and (2) minimum
skills on observing and modelling the climate system. Thedomuill be assessed through identified
teaching modules, either specially developed fdPEL, or existing in master degrees. The latter will
be based on laffield works organized in the different observing and modelling platform-g?3L.
Thislabelis an opportunityto 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 attractive
for students in France but aldor foreign Frenchspeaking students arldwide. First joint courses

part of this label will start in September 2015.

An integrated Web platform for informationand orientation of students A WEB platform has
developed, to presentthe education offeron climate and environment idle de France:
climport.ipsl.fr This platform aims at informing and guidstgdents towards the best pathways
based on their interests and their targeted jobs and skitlssdeveloped in partnership with PRES
UnivelQud-Paris and with the support of a contractuasssestant hired by 4PSLto gather and
organize information. The originality of the platform is the search engine specifically developed to
sort masters depending on keywords chosen by the students and including skills, types of jobs,
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themes or disciplineto study, for instance. The WEB platform has been released in June 2014 and
will experience a first update by the end of 2014 to include new master programs and to update
alreadyreferenced ones..

A project of masterdedicated to climate changefor journalists and communicantACCES):
Acknowledging the poor understanding of climate sciences in the general public, and in line with the
L-IPSL objectives to train the trainers, we designed the content of a master dedicated to journalists
and communicants. Thugh an elearning platform, this master, when funded, will propose
knowledge and skills about global changes and their impacts to journalists and communicants
worldwide. A first action has been performed in 2013 : Several small videos explaining @wlleng
around IPCC reports have been realised and released at the same time as the IPCC report was
available in September 2013. These videos are availablevaw.accesterra.org

A Axis 2: Promotion of practical traifing on climate sciences

Support to lab and field worksLinked with the objectives of axis 1, labekPEL will support the
creation and improvement of the offer of lab and field works proposed by licence and master
programs on climate and environment file de FranceThis covers lab works (TPs), field work (e.qg.
students at sea, weeks atbservatoire de Haute Proverite This practical approacto climate
scienceds very attractive for students. It also allows training students on classical expeahaart
modelling techniques (sprectrometry, chromatography, optical methods, programming, data analysis
A YLX Ay3d 2F az2Aafta ol GSNR YR ANE X0 GKFG OFy o
life. An extensive database of existing lab areldf work activities is under development by a
contractual assistant hired bylPSlto gather and promote on the WEB existing activities. This axis
funded a generic call for practical session for master students and will launch soon a new call (by
Decembe 2014) to fund undergraduate lab works in order to promote climate sciences before
studends choose their master.

Support for studentPhDs projects: Students with collective training projects to realise during their
master or PhDs can benefit of a suppfidm LIPSL. Projects can imply field work,, summer/winter
schools, or workshops, with the condition that at least a part of the activity is dedicated to collective
student training,. Several projects have been supported in 2013 and 2014 and this adtion w
continue in 2015. Requests are examined and approved by the education committee

A Axis 3: Professional insertiorand training

Development oftraining modules for professionalsone objective of this task is tprovide training
modules of 13 days abut climate and environment dedicated to professionals needing minimum
knowledge and skills about the different topics treated with#PSL. We act on two sides for this

axis. On one side, two modules have been designed and inserted in the professainalgtr
catalogue of CNRS : one on air pollution, and one on climate change and its impacts, linked with the
release of the IPCC AR5 in autumn 2013. On the other side, we also answer to requests from
industrials on dedicated training sessions for their esgpkes. A contractual person is hired biPISL

to find and organize professional sessions. First sessions should have been given in spring 2014 and
should continue during Autumn 2014.

Improvement and diversification of professional insertion of graduatsthdents: One aim of this
axis is to create closer links between students and their potential employers including academic and
non-academic ones. The promotion of our master programs will be organized for services of human
resources in private companies,high could potentially hire the graduate students ofiRSL
partners. Their needs will also feed our reflexion to design the offer of formation witHAEL in
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order to better prepare students to future jobs in the climate domain. This action has siarf@il3
but paused in 2014 to concentrate on professional training. It should restart in 2015.

A Axis 4: Development of dearning

Development of dearning modules Developing dearning content is important both as a
complement to insitu teaching anés a tool to largely diffuse training programs on climate sciences.
Several projects have already been totally or partially funded-BBSL and are available through
http://www.ipsl.fr/f r/Formation/Formationsen-ligne:

- An online module on climate system seen from the point of view of observations and data
analysis, with a very broad targeted publibttp://mmse -uved.ipsl.jussieu.fr/html/index.html)

- An online module eclimat (https://proxy.reeds.uvsq.fr/galleries/broceliande?®@imat)
presenting a global view on climate system and on climate change, targeted public being any
person with a bachelor in sciences.

- TheWeb sitedf S Of A Yl (i aSsyriesljofizfudsiiors2ligk&c to climatand climate
change, answered and signed by scientists with different level of complexity depending on the
targeted audience (from large public to specialisfhis site is to be released during Autumn
2014.

- An online module on the impacts of ichate charge on marine and continental ecosystems,
dedicated to a broad public will be available in autumn 2014.

- A project ofinternational master2 on climate change and its environmental, social, political
and economical implication§ACCES) has been included ire thaster program of the future
université ParisSaclay.

Developing a local ¢earning platform: L-IPSL also decided to develop atearning platform to host

the developed dearning content. This platform will have a public area with above modules and a

private area to organize online training sessions with registered students or profesionnals with

supervision from scientist. This platform should be available by the end of 2014.

A Axis 5:Asserting a discipline through the diffusioaf knowledge andof
teaching 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 change
education In this axis we propose:

- to support training actionsand knowledge diffusionshrough summer and winter schools,
workshops with sessions dedicated to students, sea universitiematic days about climate for
various publicX Demands are submitted to the education committee gthdecide to fund them
or not. This part has been very active since 2012 as many training actions needs to build thei
budget with multi funding sources.

- toinitiate a series of reference textbooks, online material, gathering and synthetizing the existing
knowledge and skills existing amondHASL partners about climate sciences. An editor will be
chosen and an +earning framework chosen to perform these developments, which will be
encouraged and supervised by the education committee with the support obrdractual
assistant hired by-lPSL. Thematic schools will be funded and/or proposed and/or advertised to
complement existing offer at a national level. This axis has already support some summer schools
and will start to develop its own activities in 2015
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4.3Mid and longterm objectives

During the next 18 monthshe education committee, with the support of education assistdnited

by LIPSlwill :

1
1
1
1
1
1

GNF AYyAy3o0

implementthe label for graduate education on climate sciences
extend the CLIMPORT master website to navaster programs
propose elearning content through a dedicated platform
Organizeand deliver actions on professional training and insertion
initiate the work to produce one or two textbooks on climate sciences
use the different contents developed by-IPSL(WEB, dearning, textbooks, professional

G2 AaGNIAYy GKS GNIAYSNBE (KL G
sciences to society relays such as teachers, journalists or policy makers.

The LIPSL education label will give more oppmities to students in their professional life.

Aa G2

The success of thediwe educational objectives will be assessed through a set of visible deliverables.
Within 10 years4PSlaims:

I to improve the national and international visibility of 4PSL univeries and Grandes Ecoles
with more international students in the masters, renewed and harmonized contents,
completed by regular attractive international thematic schools proposed or supported by L

IPSL,;

9 to have a collection of consolidated teachirand training resources dedicated to a quantitative
2F GKS a9 NIK aeéads VvieaditpinbguesSa¢ | O

RSAONRLIGAZ2Y
Iy R Fdz f

LINEINI Yaz (SEGO62214&cZ

S0 ariusSs

(NI Ay A

i to have closer links and morepportunities in terms of jobs for graduate students, by
improving the links with noracademic companies and local authorities.

4.4Budget2013

NOM MONTANT NOM MONTANT
Subvention

L-IPSL 150000 Personnel 82860

ingénierie auteentrepreneur(Axel) 15984

CDD ingénieure pédagogique (Axe 5552

CDD ingénieure pédagogique (Axe 16544

Conseil auteentrepreneur (Axe 3 12480

CDD dearning (Axe # 32300

Fonctionnement / Actions 48363

Vidéos IPCC ACGESel) 9205

Site Web le climat en questions (Axe 28376

Soutien formation DOWEX2013 (Axe 1192

Soutien écoles thématiques (Axe 5617

Soutien diffusion des connaissances (Ax 3973

Report 2012 14073

TOTAL 150000 TOTAL 144303
Différentiel +5697
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Institut
Pierre
Simon
Laplace

L-IPSL Labex

Appendix A : Mid-term
projects

This section includeseporting on all 11 postloctoral projects decided in 2012 and 2013. In each
case, the position offer is presented. For 2012 projects, intermediate reporting isnpeelse&s most
projects are not achieved yet. For 2013 projects, only the position offer is presented.

Publications from the projects are reported

V5¢ 2014/10/27 57



Project 1 (WP1-WP3-WP4): Modeling inland water greenhouse gas fluxes

Project lead:Philippe Ciais
Postdoctoral researcherRonny Lauerwald
Project start/end July 201 June 2015

Position offer:

The excellence laboratoryIPSL of the Institut Pier®imon Laplace offers a pedbctoral position

of 2 years to integrate into the IPSL Earth System Model sdritteedkey previousiyeglected inland

FljdzZl GAO LINRBOS&aasSa GKFy GI2ZNI2 yiThSHroized @istbdo@R & 0 2 dz
position projectis a reaction to the growing awareness that inland waters contrilsigaificantly

to global greenhouse ga(GHG) fluxes, and to the realizatibat their sensitivity to projected

climate change andco-hydrologicaldisturbance is poorly constrained.

Context: The conventional wisdom is that inland waters simnsport terrigenous organic carbon

to the oeans. Thisview is perpetuated by current models thfe global carbon cycle that largely

ignore inland waters as representad for instance, the Intergovernmental Panel for Climate Change
(IPCCY, FourthAssessment Report (FAR), or theegrated GlobaDbserving Strategy repofGEG
Carbon)Ly GKS TAGS &SI NBR aAy G007, At as badeine apPareditxhaty 2 F
the global flux of GHGsom inland aquatic sources to the atmospherenigchlarger than previously
suspected (Battin edl., 2008; 2009; Butman arRymond, 2011; Bastviken et al., 20Bayros et al.,

2011). Thus, recently publisheelstimatesindicate that inlandvaters degas from 0.8 Pg
(1Pg=109metric tons)of carbon per year (excluding wetlands, Cole et al. 2007Youp.3 PC ¥

1 (including wetlandsTranvik et al., 2009; Battin et al., 20@809; Aufdenkampe et al., 2011;
Butman and Raymond, 2011), ttadter estimate of similar magnitude tthe terrestrial carbon sink

of 2.8 Pg C-¢ (Canadell et aR008). Only recentlyhave regional scalearbon balances begun to
consider these fluxes (e.g. Luyssaert et al., 20d#t)Jargeknowledge gaps remain concerning their
magnitude and their ultimatsignificance for global carbon cycle modelurrent estimates based

2y dJf 20t t adz2NBWSea | y Rronwdir@aimsi ghd riveteLiiQtheURii@Nded it | G A 2 Y
example indicate that this GHtix is significant relative to the total anthropogenic flux of carbon to

the atmosphere, with emissions from the northern hesphere temperate zone (2568D0N)rivers

alone estimated tde c. 0.5 Pg annually (Butman and Raym@d,1). Additionally, a recent survey

of CH4emissions from inlandquatic systems (lakes, reservoirs aiwkrs) indicated annual CO2
eguivalent methaneemissions of aimilarmagnitude (0.65 Pg of C as GfRiivalent; Bastviken et
al.,2011). These recent estimatawecessitate a paradigshift from the traditional depiction of
streams, riveraind other inland freshwater bodies as inert conduits assbvoirs, to one inwhich

the kinetics of climatesensitive GHG production by aquatiogeochemicalransformation

reactions, hydrologically driven soil gasshing from riparian zones and the dynamics of gaissfer
processes aivater/air interfaces areh Y O2 NLJ22 N} G SR Ay G2 NBI frniodels.A O Wo 2

Despite the potentiaimportance of these GHG emissions, their inclusion, even under a simplified

form, in current Earth System Models is still missing, although several research teams megak t

in that direction. Thesensitivity of lateral C fluxes in aquatic systems to global change and eco
hydrological disturbances is largelgknown, and their overall significan@e2 NJ 9 F NI K Q& 3If 20|
budgetremains to be established as welMuch previouswork on regional scale carbdralances has

focused on terrestrial sinks arsburces, but it is increasingly appreciated that flux
measurementechniqueshat are applied widely to terrestrial systems (e.g. Eddy covariance
methods)are inappropri&e or require reevaluationfor aquatic systems.

Description of work:The postdoctoral fellow will interact with researchers at LSCE and SISYPHE
laboratories, part of IPSL, and incorporate a set of simplified parameterizations on the land surface
schemeORCHIDEE of the IPSL Earth System model the following processes : C emissions from soils to
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rivers headstreams for DIC and DOC, with a highly parametric inclusion of chemical alteration fluxes
of C from atmospheric origiGO2 evasion data fronivers andfloodplains, C burial in lakes and
freshwater sediments and CO2 emissions from estuaries ( the later using the global upscaling model
developped by Pierre Regnier at University of Utrechite ORCHIDEE model enabled for carbon
transport from soil to rives and lakes will be tested and calibrated against a new pCO2 global
database  and river  fluxes of DOC, DIC (COSCAT  database of 150
catchmentshttp://www.agu.org/pubs/crossref/2006/206GB002540.shtipl The model will be
applied in the second year faharacterisinghe presently unknown atmospheric feedbacks (positive
andnegative) betweerinland aquatic carbon evasion fluxes and drivers such as climate change and
anthropogeniaeco-hydrological disturbance.

Supervision teamThe researcher with a PhD in earth system science, will be hired by CNRS and will
be hosted at LSCE in Saclay while working in close collaboration with SISYPHE in Paris. The work will
be in a project team led byhRippe Ciais, including also Laurent Bopp, Josette Garnier, Sebastiaan
Luyssaert and Christophe Rabouille.

Duration and salaryThe post-doctorate will be recruited for 24 months with a net monthly salary
around 2000 euros, commensurate with experiendis includes social services and health
insurance.

Contact for applicationsApplications should include a vita, a statement of research interests and
the names of at least two references includingmeail addresses and telephone numbers.
Applications shold be submitted by enail to Philippe Ciaiphilippe.ciais@Isce.ipsl)fr

Preliminary results:
(1) Step 1: A better estimate of CO2 evasion from inland waters (Lauerwald et al. sub)

R. Lauerwald and ewmorkers have established a new and more robust estimate of CO2
fluxes between inland waters and the atmosphere at planetary scales. To do so, they have
useddata of riverine C@partial pressures (pGPfrom ~1200 sampling locations as well as
empirical preliction function for river pC® They have appliethis prediction equation to
calculate a highly resolved (0.5°) global river p@@p. Combining this pGO@nap with
spatially explicit estnates on stream surface areand gas exchange velogitthey have
calculated a map of C@evasion (Figure)l

At the global scale, as representative for the time after 1988y estimatean average river
pCQ of 2400 patm and a total FG®f 456 Tg C {t About half of the global FGGs
contributed from the latitudindband between 10°N and 10°S. Streams and small rivers with
annual average discharges below 100 MTésntribute about half of the effective stream
surface area, but even 69% to FCO
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Figure 1 Estimated C@evasion (FCOgC m2 y1) per half degreayrid cell. FC&Orefers to
total cell area.

This estimateof global FC&is substantially lower than the 1800 Tg C gecently estimated

by Raymond et al[2013], mainly due to a lower estimate of the effective global stream
surface area and a more comsative estimate of average river pe@ tropical rivers.
Analyzing and discussing diffetesources of uncertainty in themethodology and that of
previous studiesl.auerwald et al. argue that thesstimate is more robust and less prone to
biases tharearlier estimates. As a further supportive evidence, their estimate of, FGO
well into recent, integrated C budgets of the globaland water system.

Step (2): Incorporation of carbon in the routindheme of ORCHIDEE (in progress)

At the presentstage, Rony Lauerwald has enabled the routing code to transport two
different species of dissolved carbon (C): dissolved organic carbon (DOC) and dissolved CO2.
He also introduced the decomposition of DOC which, at each-steye, decreases the DOC

pool ard increases the CO2 pool in each reservoir.

The evasion of CO2 from the water surface to the atmosphere is not yet included, but will be
the next step. So far, the input fluxes with runoff and drainage are merely hypothetical
based on fixed concentrationsvhich makes it easier to verify whether the routing works
and is conservative where it should be conservative.

References:

R. Lauerwald, G.G. Laruelle, J. Hartmann, P. Ciais, P.A.G. Rggaie, patterns in CO
evasion from the global river netwoyrlsubmitted to Global Biogeochemical Cycles.
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Project 2 (WP2): Volcanism during the last millenium

Project lead:Myriam Khodri
Postdoctoral researcherVirginie Poulain
Project start/end September 2018 August 2015

Position offer:

The excellence labmtory L-IPSL of the Institut PierreSimon Laplace offers a postloctoral
position of 2 years to address impacts of volcanism on climate in the last millenium.

Context: It is now generally recognised that volcanic eruptions have an important effect on
climate variability from inter -annual to decadal timescales. Using comprehensive Earth system
models, much progress in understanding volcanic climate effects have been achieved in recent
years, including the impacts on atmospheric chemistry and dynamics, oncean dynamics,
marine and terrestrial biochemistry and on the hydrological cycle. These results are however
hampered by many assumptions on the reconstructed past volcanic activity, but also on the
choice on sulphate aerosol size distribution and their imfgmentation in the radiation scheme of
models themselves. Several outstanding questions remain and concern the behaviour of huge
SQ cloud injected into the stratosphere after super eruptions such as those that did occur
during the last centuries.

Description of work: All in all, these results call for more processriented sensitivity
experiments. The challenging task for the hired postoctoral fellow would be to improve the
actual volcanic forcing reconstructions and its implementation in the IPSL modglAs a first step,
the focus will be on the calculation of the temporal evolution of volcanic aerosol size
distribution, global fields, and optical characteristics, for the two biggest volcanic eruptions of
the last millennium, i.e. the 1258 AD and the Tabora (1815). Such calculations will be done
with a global 2-D stratospheric climate model including detailed microphysical and chemical
processes for stratospheric volcanic aerosols. This model has been developed at the LATMOS
laboratory (IPSL). New estinates of SQrelease are now available for these two eruptions and
will be used to constrain the S@loading in the 2D model. This will allow the calculation of (1)
consistent evolution of the globaldistribution and size of stratospheric sulphate aerosolsfter
each eruption and (2) deduce the related optical properties (AOD, single scattering albedo and
parameters of asymmetry) for both vsible and infrared spectral bands.

In a second step and in collaboration with LMD laboratory (IPSL), the deduced wesize

distribution and optical parameters will be implemented into the LMDz radiation scheme for

both spectral bands (visible and infrared). Sensitivity experiments with chemistrclimate

models (CCM), LMDREPROBUS and/or LMBDENCA, coupled to NEMO, inatling the new
stratospheric aerosol radiation schemes will then be used to run sensitivity experiments and

evaluate the impact of competing nodinear radiative and chemical processes on the simulated

climates for volcanic eruptions. We will start by a tescase, simulating the Mont Pinatubo

eruption in the CCM model. The results will be validated against the large datasets of

I AGAOOAOGET 1O | OAOGAT 1 EOAR AATTTTTh OAAT Al UGEOhS8Q
tackle the two biggest volcanic muptions for the last millennium (i.e. 1815, 1258 AD).

In the last step, cross validations of the sensitivity experiments for the mega eruptions with
proxy data will be essential to better evaluate the realism of the new volcanic forcing
parameterisation for the largest eruptions. More proxy reconstructions are now available at
IPSL (LSCE, LOCEAN, etc.) and in other national and international laboratories. They will help
constrain the climate sensitivity. In interaction with the LOCEAN laboratory (IPSLjurther tests

will be required on the influence of the initial state (including the ocean) on the simulated
climatic response following these volcanic eruptions before extending our approach to the
whole millennium.
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Supervision team : The work will be coducted under the main supervision oM. Khodri
(LOCEAN),in close connection with other researchers :M. Marchand (LATMOS), S. Bekki
(LATMOS), O. Boucher (LMD), J. Mignot (LOCEAN), D. Swingedouw (LSI3t€) work will be
mainly conducted at LOCEAN, but intleer IPSL sites also.

Duration and salary: The postdoctorate will be recruited for 24 months with a net monthly
salary around 2000 euros, commensurate with experience. This includes social services and
health insurance.

Contact for applications: Applications should include a vita, a statement of research interests
and the names of at least two references including-mail addresses and telephone numbers.
Applications should be submitted by email to Myriam Khodri (Myriam.Khodri@ird.fr).

Preliminary results

Modéle 2D

La premiére année du projet (Sepil3-Septl4) a été dédiée la prise en main du modele

2D (Bekki et al, 1994 son amélioration et réévaluation pour étre cohérent avec les
observations actuelles (msures ballons, satellitaires). Nous avons ajouté des équations

sur la chimie du souffre, des équations de chimie hétérogene et nous avons modifié la
formation des noyaux de nucléation. La comparaison des résultats avec les différents

jeux de données Gao ¢ al 2008; Sato et al, 1998) ##-) AO 31! ' % bHI OO0
Mont Pinatubo a révélé une bonne cohérence et a permis la validation du code. Nous

AOGITO T CATAIT AT O EiIiDPIiTiT AT Oi AAO & OeACAO AAI
spectrales solaires), dans saersion CM5ALR et évalué les résultats pour un run
A8 AT OAT AT A juv 1T AI AOAOGQ BI OO 161 OOPOEIT AO -0

Les résultats de ces simulations étant trés satisfaisants nous avons ensuite réalisé
plusieurs simulations pour les deux mégaruptions du dernier millénaire (Tambora
1815 et Salmas 1258) en injectant dans le modele 2D les quantités de,S@esurées
dans les carottes de glace. Un important travail de +@nalyse des carottes de glace
Groenlandaises et Antarctiques a été entrepris par V. Poulain afiSdh OOET AO AO | ER
NOAT OEOi AA O1 O&EEOA Ai CAUi AAT O 18AO0I T OPET O
Samalas (1258) et Tambora (1815). Nous avons aussi exploité les estimations des
hauteurs des colonnes éruptives réalisées a partir des dépbts (isople#t isopach)
autour des deux volcans. Enfin, une collaboration a été nouée avec des derdro
Al Ei AOT 1T COAG AO EEOOT OEAT O OOEOOAO «N&DE AEOE
19e0ET Al Aq A A6 GAACQIiAORAAAG AOAAR OO ABpbeteINDd AT A K
pour les 1500 derniéres années (résolution annuelle).

I 600 AOGITO PO AET OEh OAOGOAO AO 1 OA1 OAO 1AO
incertitudes associées aux méthodes empiriques isopleth/isopach), la quantité de SO
injectée (testOOO 1 AO ET AAOOEOOAAOG AAO 1 AOGOOAO AAT O
i1 OOPOETT Al EAT OEAOh 1 AEh 10 EOGEITAOQq AO |
(atmosphere actuelle et préindustrielle). Nous avons également confronté nos résultats
avec celx de Gao et al. (2008),et Crowley et al (2008)qui correspondent aux
reconstitutions recommandées par PMIP3%chmidt et al., 201)let utilisées dans le cadre
AA 1 6AAOAEAA #-)0us8 , A0 Qoudld prénie@Goisiuhe AAOOA
convergendd AT OOA 1 A0 OAAT 1 OOOOAQGETIT O AAOG AAOIi
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Al Ei AOENOAO AOAA O1 OAAEOI EAEOOAITI AT O 11 UAI

i OOPOEI 1 Oh AR ° C fon®A2BAa 7547 Apour les modéles PMIP3). Nos

résultats indiquent l'import ance de la représentation des processus microphysiques des

aérosols stratosphériques dans les modéles de climats. lls remettent également en cause

1 A0 OAAT T OOOOAOQEI T O Al Oi OEAOOAO AAO OAI bi OAC
et al 2006), et les réultats des simulations climatiques réalisées avec des forcages
simplifiés. Les résultats de cette étude ont été soumis a la revue Nature.

%l PDAOCAITTIA T100 AOGITO Oi AlTEOI O1 EAO A6Ao
de phase de la réponse diAOENOA AT & 1T AOETT AA 168E1 OAT OE
fois la quantité de S@du Mt Pinatubo), la saison de déclanchement (été/hiver) et

1 6A1 OEOOAA AA T A AIT1TTTA 1 OOPOEOGA j AAOGOATI |
tailles des aérosols ainsformeés, leur transport dans la stratosphére et leurs parametres

I DOENOGAOG 1106 i dOi OUOOi i ACENOGAT AT O i OAI Oi 08

tropicale ou hémisphérique) a été étudié grace a la réalisation pour chaque scénario, de

OO01T O AGATIORAIMOAROG vAA pm AT O AOAACNSALRI@E4AT T A
simulations au total). Les résultats révélent la réponse natinéaire du refroidissement

AA OOOEAAA AT &I TAOGEIT AA 1 O0ET OAT OEOT AA 1
puissantes (= éuption du Toba, 600 Tg de Sfcontre 20 Tg pour le Mt Pinatubo) le

NN

Ou

En revanche une asymétrie intethémisphérique du refroidissement apparait dans le cas

ou la colonne éruptive atteint 35 km (i.e. Saalas). Les aérosols volcaniques formés a

partir de I'oxydation de SQ ont tendance a étre entrainé en altitude par la circulation

grande échelle (upwelling, circulation de BD) ou ils sont alors détruits par vaporisation.

ensuite transportés par la circulation stratosphérique vers I'hémisphere d'hiver. Aux

latitudes extratropicales la subsidence leur permet de condenser a nouveau sous forme

A6 AT O OT 1T O AOAIvEs ld durfacei @ek iprcesSus expliquent le faible
OAEOI EAEOCOAT AT O AT TTUATTA ciiTAAT A AO OACAO
Ei Oi O ¢iTi EOi OPAOEAI A -ROdawskeRaiies EgicdDektraAl O j
tropicales). Les méga éruptionggénerent néanmoins par phénomeéne de coalescence de

plus grosses particules qui sont donc moins réfléchissant (par unité de masse) vis a vis

du rayonnement solaire.

#AOOA T OOAA AOGO AT Al
(Poulain et al., 2014, in prep)

~ X

00 AA Oi AAAOETT AOAA C

Notre objectif a court terme est de pouvoir proposer un nouveau jeu de forcage pour le

OT 1 AATEOI A AO AAOT EAO T EITiTAEOA AO AT T OOEA(
réduire les incertitudes sur les forcages natwels et leur représentation dans les

modeles. Dans ce cadre nous avons récemment envoyé (12/09/2014) a Veronika Eyring

i #EAEO #-)07x7#20qQqh 1 A DOI Pi OEQCET 1T («M6dBIT 6/ , -
Intercomparison Project on the climatic response to Volcaficcingd. Co-chairs: Davide

Zanchettin ,Claudia Timmreck andMyriam Khodri. Scientific Steering Committee Gabi

Hegerl,Alan Robock, Anja Schmidiylatt Toohey and Edwin Gerber. )

Prospective Année 2015
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Modele 3D LMDz-Reprobus-NEMOet prise en compte en fus du rayonnement
Ol 1 AEOAh AA 1 6AEEAO AAO Ai 01T O 1 6 660 1A ,7 O

, A POAT EAO OAIi AOOOA OAOA AiT OAAOi U 1467 OAIl OA

effets radiatifs a la chimie hétérogéne induite par la p@ AT AA A3 01T 1 OACA Ad ¢/
prise en compte des effets chimiques (Ozone) et/ou radiatifs des aerosols volcaniques
11060 PAOI AOOOA AA T EAO@ i OAI OAO 186EIi PAAO OAI

and Salomon 2009 Timmereck et al, 2012).

Le protocole expérimental reste a préciser mais nous envisageons un protocole
équivalent a celui réalisé avec la version IPSCM5A en 2013.

References:
Poulain V, M. Khodri, M. Marchand & S. Bektratospheric dynamics and micrphysical
processes confinadimate responses to volcanic megeruptions, in prep.

Stoffel M., Corona C, Guillet &hodri M., Poulain V, Guiot J., Luckman B.H., Oppenheimer
C., Bekkl S, Beniston M. & MassonDeImotte V, Reconciling dendrocllmatlc
reconstructions and simulations ofolcanic coolingSubmitted.
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Project 3 (WP4 -WP3-TWP3): Assessing the robustne ss of multi -region and
multi -sectoral indicators of climate change impacts

Project lead:Benjamin Sultan
Postdoctoral researcherYan Zhao
Project start/end May 2013 April 2015

Position offer:

Theexcellence laboratory-IPSLof the Institut PierreSimon Laplace offers a pedbctoral position
of 2years toassess impacts of climate change in various sectors and regions of the world

Context: TheFourthAssessmenRepat of the IntergovernmentaPanelon ClimateChangehas,with
greater confidencethan previousreports, warnedthe international communitythat the increasein
anthropogeniggreenhousegasesemissionswill resultin globalclimate changewith potentialimpacts
on natural resources gcosystemsand humar@ activities. Thus,there is a growingliterature on the
impact of climate change,mostly usingglobal climate models(GCM)projectionsto drive process
based or statistical impact models. However, very large uncertainties remain between impact
studies,reflectingthe diversityof suchstudies,which often focuson different locations,and rely on
different climate projections(models,scenarios)type of impactsand impactsmodels,downscaling
techniquestime horizons etc.

Description of work:We therefore proposea coherentmulti-regionand multi-sectoralapproachto
examinethe robustnesof projectedimpactsdrivenby IPSECMIPEclimate changescenariosVarious
downscaling methods (delta method, CDFt, homogenous climatic zones, CORDEXdynamical
downscalingand useof raw GCMoutputs) will be usedin orderto asses&nowledge andincertainty
in impactsprojectionsamongsectorsand regionsof the globe. Thiswork is part of the LabexL-IPSL
project which aimsat improvingour knowledgeon climate changeand to anticipateits impactson
natureandsociety.

Therecruited post-doctorate fellow will participateto the selectionof a set of indicatorsof impacts
of climate change on prone sectors and regiors. This part of the task implies a very close
collaborationwith all L-IPSLpartners. He/shewill be in chargeof downscalinglPSECMIP5climate
changescenarioswith variousexistingmethods (most of them have alreadybeenimplementedat
IPSL)He/shewill then useseveralimpactsmodelsdeveloped or used by thelPSL teams, including
the land surface model ORCHID®roducemapsof relevantindicatorsof climate changeimpacts
and to analyzethe robustnessof such impacts projectionsin regardsto the used downscaling
method. Experience imiospheremodelling,statisticalanalysis and linugnvironmentwill be greatly
appreciated

Supervision teamThe work will be conducted &IOCEAN/IPSL located at University Pierre and Marie
Curie (4 place JussieRaris 05) under themain supervision ofB. Sultan (LOCEABN in close
connection with other researchersf LSCE (P. Braconnot, M. Vrac, N. De Noblet, O. Bopp), SISYPHE
(A. Ducharne), LATMOS (C. Flamant) and in-tR&L project.

Duration and salaryThe post-doctorate will be recruited for 24 months with a net monthly salary
around 2000 euros, commensurate with experiencehis includes social services and health
insurance.

Contactfor applications Applications should include a vita, a statement e$earch interests and
the names of at leasttwo references including -enail addresses and telephone numbers.
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Applicatiors should be submitted by -mail to Benjamin Sultan Benjamin.sultan@locean
ipd.upmec.fp).

Preliminary results

Heat is an environmental and occupational hazdtdcan have disastrous consequescas was
illustrated by the hot summer of 2003 in Europe. The risk of heat stress posed by climate change is
likely to enhance thus regls to be urgently assessed in order to take corresponding adaption action.
We use three healtiielated temperaturehumidity thermal indicators Steadman, 1979, 1984,
Masterton and Richardson, 1979; ABMnd 21 climate simulations from CMIP5 (historic®CP8.5)

to examine how well climate models simulate preséaly heatstress distribution on global scale,

and how the latter may evolve in the future. We also investigate the uncertainty of simulated
temperature and humidity attributed to headtress estmation. Making use of a biaorrected
database (Hempel et al., 2013) provided by the international projeeMIB] the effect of bias
correction technique on headtress estimation is explored.

Our results show that humid tropical areas tend to exgece frequent heat streshan other
regions that is, 25@00 day/year under at least slight stress; the most severe heat stress is found in
Sahel and south India during the dmget transient period. Generally the severity of hesditess
increases by oneategory under RCP8.5 by the end of the century (Fig ¢, d). Heat stress is projected
to be significantly enhanced over tropical and subtropical humid areas, although temperature is not
projected to increase as much as in Aatitude (Figure panels a, lRegions at mid to high latitudes
experience rare heat stress today but are vulnerable under climate change. In Western Europe, for
instance, the projected frequency of hestress increases by about 400% by the end 8f&htury.

At presentday GCMs ted to underestimate heat stress over tropics due to dry and cold biases.
Over mid to high latitudes, heat stress is only slightly overestimated due to a compensation effect
between biases in humidity and temperatuiéigcher and Knutti, 201L3}\s a resulthere is a risk to
underestimate heat stress in tropics while slightly overestimate in amd high latitude.

In terms of longterm summertime mean, the biasorrection applied in this study showed little add
value for the climate change signals. Hoeat-stress estimation which relies on exceedance
thresholds, the effect of biasorrection varies geographically. It reduces ca 50% of the biases of
simulated heatstress frequency in tropical humid areas but does not show much advantage, if not
worse, inmid to high latitudes. The reason is that the compensation effect between the biases of
temperature and humidity does not hold when the currentN8BP biascorrection method is applied.
Finally, when estimating the impact of climate change on humaithend work productivity, the
uncertainty caused by climate models should be taken into account. Here, the spread (STD) of
modeled heatstress frequency is about 2 times larger than the ensemble mean biasesines

larger than the uncertainty causedylthe choice of heat indicators except in extreme severity
category. Thus, it is not trivial to disentangle the uncertainty contribution from GCMs and from the
AYLISNFSOUA2Y 2F OGKSNXIE AYRAOFG2NERX Fa |fNBFIRe y
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Change in ensemble mean of extreme mean variables (mean of 5% highest values) asiteseat
frequency. (a) Extreme mean Humidexskdb) Zonal mean extreme mean Humidex (HD), surface
air temperature, (T) aparent temperature (AT), simplified WBGT (W) vapadur pressure (VP)
corresponding to HE), One stand deviation of changes in &ilare in shade; (¢) Ensemble mean of
simulated Moderate heastress at presentlay (19792005); (d) Ensemble mean of projected
Moderate heatstress (207€2099). The dots irfd) indicate robust change (at least 18 out of 21
models agree in the increasing trend).
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Project 4 (WP5): Development of integrated, multi -archive chronologies

Title: Developing and testing integrate multi-archive chronologies to improve our
understanding of past, rapid climate changes and bifurcations.

Project lead:Amaélle Landais

Postdoctoral researcherBénédicte Lemieux & Lucie Bazin

Project start/end October 2013 September 2014 extendedf® months until March 2015

Position offer:

The excellence laboratoryIPSL of the Institut Pier®imon Laplace offers a pedbctoral position

of 2 years to join a collaborative effort involving specialists of ice, continent and marine climatic
records and aimed at putting key archives into a common chronological framework in order to
improve our understanding of past, rapid climate changes.

Context: Understanding the mechanisms at the heart of rapid climate changes and major
bifurcations recorded ipaleoclimatic archives requires that we are able to resolve accurately minute
leads/lags in order to fully understand signal propagation and identify feedbacks across the various
compartments of the earth climatic system. This requires to put ice, maxtkcontinent palee
records into a common chronological framework, with an unprecedented accuracy and with a clear
understanding of uncertainties associated to the various approaches used to defipeiris (e.g.

“C, ash layers’Be, magnetic field pab-intensity,..). Such an effort is mandatory if one wants to
test the robustness of climate scenarios. The synchronization of ice records over the last 800 kyr
(AICC2012 chronology, special issu€lifnate of the Pajthas been recently achieved through
inverseBayesiarassimilation approach. The DATICE tbtlp(//datice.gforge.inria.fr)) formulates a
variational inverse problem, which aims at correcting the main parameters associated with the ice
core timescales (e.g. accumulation, thinning) through integration of absolute and stratigraphic tie
points. The next step is to adapt this powerful tool to different archives and use it to develop and test
chronologies for key continental and marine archives] arsure their optimal synchronization, in
connection with ice records.

Description of work:To reach these goals, we propose to adapt the DATICE tool to continental and
marine records (e.g. dealing with potential hiatuses, integrating aretpeeific acumulation rate
A0SYFNAR2&as X0 ¢KSyYyIX (KS 5resolutionOmuliippoRytpaleddirhate o0 S  dza
records (1) to develop and test possible chronologies, (2) to carefully analyze uncertainties and
limitations, and (3) to conduct intearchive comparisons and address climatic implications once an
optimal synchronization has been achieved. In accordance with the main goals identifietPBIL L
mid-term objectives, a special effort will be devoted to study fadd highlatitude records arond

the North Atlantic (including the Mediterranean Sea) and the Nordic Seas, but other areas will also
be explored as part of several @oing research projects ofIBSL groups (i.e. monsoon variability).

The postdoctorate fellow will participateto the selectionof key, highresolution archives. He/she

will be in charge of modifying the DATICE tool in order to take into account the specificity of the
different continental and marine archives used. He/she will be at the heart of the chronological
development with DATICE in close collaboration with the specialists. He/she will train those
interested in using DATICHe/she will be involved in the maturation and publication of paleo
climatic interpretations based upon the improved chronologies.

A solid exprience in programing and data assimilation (i.e. Bayesian statistic) is mandatory, as well
as good general knowledge of climatic archives.

Supervision teamThe work will be conducted &SCE/IPSInder the main supervision of A. Landais

and C. Waelbraogk, and in close connection with other researchers of LSCE (F. Bassinot, D. Blamart,

D. Genty, H. Guillou, C. Hatté, C. Kissel, V. Mason, E. Michel, M.A. Sicre,..), LOCEAN (AM Lézine, B.
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Turcq, D. Wirrman..), IDES (C. Colin, S. Sepulcre, G. Siani, $é1bigh@nse,...) and in thelPSL
project.

Duration and salaryThe postdoctorate will be recruited for 24 months witta net monthly salary
around 2000 euros, commensurate with experience. This includes social services and health
insurance.

Contact forapplications: Applications should include a vita, a statement of research interests and
the names of at least two references includingmail addresses and telephone numbers.
Applications should be submitted by-neail to A. LandaisAfmaelle.Landais@I|scesl.fr) and C.
Waelbroeck Claire.Waelbroeck@Isce.ips).fr

Preliminary results:
1- Code implementation

Bénédicte Lemieuudon launched her sefimployed companyato-entreprisg in 2013 and she
has keen under contract with4PSL to develop and modify the DATICE tool.

Two important modifications have been implemented: (i) First, the possibility of correlating the
errors (or introducing a systematic bias) for the dating constraints given as inpMATECE. This is
useful for dating constraints obtained with the same dating method (ie. layer counf@gr U/Th

on a certain instrument). (ii) Second, the code is now able to deal with constraints on age difference
between two depth levels. This ispeially useful when dating constraints are obtained from layer
counting or orbital tuning. These developments and examples of applications have been published
[Bazin, Lemieukudon et al., 2014

The modified DATICE code is now adapted for marine coies@eleothems. An interface has been
developed (in python language) to enable the visualization of DATICE reselSigure, below

2- Users training

Two training sessions have been organized (February 2014; June 2014). Twelve scientists from LSCE,
IDESand LOCEAN attended these sessions.

The modified DATICE tool has been installed on LSCE computer (obelix) and the code should be made
open in a few months. An utilization guide is available: dittp://blemieux.wordpress
hebergement.fr/datice_multiarchives/ An  help forum has been launched :at
http://blemieux.wordpresshebergement.fr/inriaforge/

Next step ofthe project

All the implementations requested to run DATICE with sedimentary archives have been achieved. The
DATICE tool has been successfully tested and can now be used for developingehteguétt
archive chronologies.

L-IPSL will hire_ucie Bazi for 6 months(postdoc position). Lucie has intensively used the DATICE
tool during her PhD and the WP5 will benefit from her expertise to develop common chronology in
order to address several key questions, such as: (i) the links between high anditund$aover the
millennial scale variability and (ii) the links between variations of temperature (over land, over
continent), ice sheet size, vegetation, greenhouse gas concentrations. For this step, several key
sedimentary archives have already beennitiiged in the Mediterranean Sea, the Austratéan and

the Northern Atlantic.
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Figure: Test chronologies obtained for the marine core MED®D (left) and NGRIP (right) using the
developed code for DATICE adapted for ramtthives. The black dashdihes stand for the
background chronology. The red curves show the produced chronology using the absolute and
stratigraphic dating constraints (black points with error bars)
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Project 5 (TWP2 -WP3): Arctic data portal

Project leal: Kathy Law
Postdoctoral researcherLaura Cordero LLana
Project Start/End:September 2018 August 2014

Position offer:

The laboratory of excellencelL-IPSL of the Institut PierreSimon Laplace offes a postdoctoral
position of 1 yearto develop an LIPSL Arctic data portal

Context: The Arctic is undergoing unprecedented changes as a result of global warming such as
the rapid decline in summer sedce. However, the reasons for such changes and their impacts on
the environment and society are not wellinderstood thereby limiting our ability to predict what
might happen in the future. In particular, the performance of global climate models needs
improving including treatments of many processes and their interactions within the
atmosphere-oceanice-biosphere system. Procesdased studies based on a combination of
analysis of available data and models of varying complexity/scales will lead to improvements in
climate models. The Arctic has been highlighted as a research priority within-IPSL and
nationally with the creation of the French Chantier Arctique.

Description of work: Many different datasets exist at HPSL collected as part of different
projects examining a wide range of scientific issues in the Arctic. These include projects studying
atmospheric, ocean, biogeochemical processes as well as pollution, permafrost, glaciersrisea
etc. In order to promote new avenues in Arctic research within IPSL and to improve Arctic
modelling capabilities, LIPSL is creating an Arctic data portal. In the firsinstance, the aim is
that this data portal will provide links to existing datasets including information about each
dataset using a useffriendly web-based environment. It will contain information about different
regions and types of data (grounebased, mame, aircraft, satellite). In a second phase, a data
policy will be developed to facilitate the use of datasets for the evaluation of models at IPSL,
including the global IPSL climate model and regional models. Modelling results may also be
incorporated into the data portal.

Supervision team : The work will be conductednder the main supervision d¢?. Keckhut(IPSL)
and K. Law (LATMOSand carried out in close collaboration with the IPSL data management
team as part of the ESPRI project (in particular, &tMD/Palaiseau). The work will be carried out
at LATMOS in Guyancourt, west of Paris where tif@bservatoire Versailles and Saint Quentin
(OVSQ Arctic network is also based.

Expertise : Persons with expertise in geophysical data management who are motieal to work
on scientific issues in the Arctic are invited to apply. Good written and spoken English is
required together a willingness to interact and discuss with different groups. Applications from
people with research experience in the Arctic are alsawelcome. Experience in computing is also
useful.

Duration and salary: The researcher (master level upwards) will be recruited for 12months
with a net monthly salary around 2000 euros, commensurate with experience. This includes
social services and healtlinsurance.

Contact for applications: Applications should include a CYa statement of research interests
and the names of at least two references including-mail addresses and telephone numbers.
Applications should be submitted by email to Philippe.Keckhut@latmos.ipsl.fr and
Kathy.Law@Iatmos.ipsl.fr

Finalresults:
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As part of the LABEXPSL many types of datasets exist obtained by different projectecussed
on the wide range of scientific issues in the Arctic. These include projects studying atmospheric,
ocean, biogeochemical processes as well as pollution, permafrost, glaciers,-®meaetc. The
motivation for the creation of an L-IPSL Arctic Data prtal is to promote new avenues in Arctic
research within IPSL, and to improve Arctic modelling capabilities. A first aim is to provide links
to existing datasets including information about each dataset using a uséiendly web-based
environment. The pottal will contain information about different regions and types of data
(ground-based, marine, aircraft, satellite). In a second phase, a data policy could be developed to
facilitate the use of datasets for the evaluation of models at IPSL, including theolgl IPSL
climate model and regional models.The development of the Arctic Data portal started in
September 2013 and was planned to last one year. Due to technical problems with the creation
of the portal interface, the launch of the portal is still in prgress. Fig. 1 shows the preliminary
presentation page as it will appear in the LABEXPSL website
(http://climserv.ipsl.polytechnique.fr/arcticportal/ ).

Eig. 11 ABEXPSI Arctic#¥a Portal preliminary presentation page

The first objective of the project was to make a list of all the contacts within the IPSL who have
been involved making observations in the Arctic and hence who could provide metadata
information about their datasets. They were contacted via email or meetings with the contacts
from the different laboratories in IPSL or linked to it. At the same time, another list was
compiled including existing Arctic data portals and databases at an international level. These
portals, databases and project websites are included in the portal as external links. The portal
contains standardized information about each dataset as part of the metadata, together with
links to relevant publications and to the data distribution sources. Exaples are shown in Fig. 2.
Fig. 3 shows how the metadata information is classified for each dataset. Finally, all the datasets
that will be in the final version of the portal are listed in Table 2 (see Annex B).
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