New Large Projects

IPSL has a number of advantages compared to other intierra climate research centerfis ability
to address issues in a comprehensive manwoer all conpartments of the climate system
understandingthe variability of imate on various scales timepést and future) via simulation
observation ad paleoclimatic reconstructiongs ability to analyze forcing$eedbacks, and impacts
of climate change (CC) on some sectors of society or some natural environments.

A strategy has ken defined in 2014 oissues that the LABEX sid focus over the last half of the
program. It was proposed th#PSL build three ambitious projects, involving all WPs LABHKe last
part of the LABEX (until 2019)

LPL) Investigating from observatins and modeling, steep interglacial climatdhanges of the last
ice age (MISBandthe last interglacial maximum

LP2) Understanding of 20th century climate andetallocation of its variability by reconstructingits
forcings and a set of simulations

L) Investigatingthe emergence of fewimpacts and associated uncertainties

In addition the HIPSL pursue its support to the global climate model development, undépeofect
LP4) Climate model development

These “1l ar ge pr ojinghe follbwing aectemnsas well asdheit paelimlinarg results.

Finally, the LABEwants to keep the possibility to invite foreign scientists. It is scheduledvitos2-
3 month visits per year could biinded andorganized A first call was issued in 2016 aambther
call will be launched in 2017.



1- LP1: Abrupt and large climate variability

Project leads: Christophe Colin (GEOPS) & Amaélle Landais (LSCE)

Participants

Teams L-IPSL contributors |[External collaborators

IMarine cores and coraflFranck Basinot (LSCE) Renato Salvatteci (Germany)
loanna Bouloubassi (LOCEAN) Olivier Esper (Germany)
Christophe Colin (GEOPS) Jeremy Hoffman (USA)
IDelphine Dissard (LOCEAN)
Stéphanie Duchamplphonse (GEOPS)
Aline Govin (LSCE)
Catherine Kissel (LSCE)
Claire Lazareth (LOCEAN)
Elisabeth Michel (LSCE)
Luc Ortlieb (LOCEAN)
Marie-Alexandrine Sicre (LOCEAN)
Giuseppe Siani (GEOPS)
Sophie Sepulcre (GEOPS)
Claire Waelbroeck (LSCE)

Terrestrial sites Anne-Marie Lézine (LOCEAN) Alexander Prokopenko (USA)
Sébastien Nomade (LSCE) ChronisTzedakis (UK)
Hervé Guillou (LSCE) Sophie Verheyden (Belgique)
DenisDidier Rousseau (LMD) Russell Drysdale (Australig
Christine Hatté (LSCE) Giovanni Zanchetta (Italy)
Abdel Sifeddine (LOCEAN) ) o
Dominique Genty (LSCE) (Aa AEAT ¢ i 8H
Dominigue Blamart (LSCE) University)
Uli von Grafenstein (LSCE)
/Amaélle Landais (LSCE) Emilie Capron (University of
Anaiis Orsi (LSCE) Cambridge)
\Valérie MassorDelmotte (LSCE) Sune Rasmussen (University

Copenhagen)

IModeling Pascale Braconnot (LSCE) Louise Sime (UK)
Didier Roche (LSCE) Marie Jose Gaillard (Sweden)
Masa Kageyama (LSCE) Louis Francois (Belgium)
Adriana Sima (LMD) Tilla Roy (ECOCEANA, France)
JeanClaude Dutay (LSCE)
Laurent Bopp (LSCE)
'Yves Balkanski (LSCE)
Camille Risi (LMD)

Main partidpants to this project at the writing stage.

Project summary

Documenting past climate and environmental changes is essential to increase our knoateddge
the Earth System behaviin varied climatic conditions, and to test the climate models whictuaesl

for projections. This project focuses on two aspects of past climate change that are directly relevant
for the simulation of future climate change:



1- The last interglacial period (LIG; ~130 000 to 115 000 years before present): warmer climate
and mea global sedevel values 5 to 9 m higher than today.

2- The abrupt variability of the last glacial period (70000 to 20000 years before present):
succession of rapid climatic changes within decades (temperature increase$53C1lih Greenland,
large temprature and precipitation changes in the mid to low latitudes).

Thegoal is to build new data bases for the periods of interest in this project, to improve our models
and their capacity to compare their results with data and to perform these comparisaiswill yield

a better knowledge or the processes at stake during the last interglacial warm period and the abrupt
climatic changes of the last glacial period.

Thestrategy follows a modelata approach. To do so, we propdde initiate two actions irparallel

over the next 3 years: (1) the data synthesis and (2) the development of model interfaces for tracers
representation. These actions should be carried out in parallel to deliver a comprehensienddéh
intercomparison, including the spatiahriability, over the last interglacial and the abrupt climate
variability of the last glacial period. These two actions builds on the previous developments performed
within WP5 in 4PSL: the isotopic paleatabase (Tim Bolliet, Bolliet et al., 2015) @hd mult-
archives dating tool DATICE (Bénédicte Lenbdenbon and Lucie Bazin, Lemi€udon et al., 2015).

Axis 1 Data syntheses: Deliverables D1, D2 (+ participation to D4 and D5)

1 Compilation and implementation in thelRSL paleo dataase of thehigh to low latitude
records with their respective dating constraints for the last interglacial period and the abrupt
millennial variability of the last glacial period encompassing H2 and/or H4.

1 When needed, adding targeted missing data (sequencescefsrar dating constraints) for key
climatic periods or geographic zone.

9 Harmonisation of chronologies: synchronization tests in specific geographic zone or by type of
tracers using the mutarchive version of DATICE as well as modelling experimeraapeatf
using intermediate complexity models (connection with axis 2). We will emphasize the use of
non-climatic chronological tipoints.

1 Production of coherently dated time series for the investigated intervals.

Since the strategy and tools are the sdorethe diferent global data synthesesne long (2+1 years)
postdoctoral positionis devoted tahe realisation of tasks associated with deliverables 1 and 2. This
postdoctoral fellow should strongly interact with the different experts listed in thiddeensure their

active involvement in the project for selection of the appropriate archives records, additional data
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workshopsare set ugo reviewkey sequences and dating constraints in the different geographic zones

for the production of the syntheses. Finally, the possibility of funding a limited number of M2 internships

will permit to fill the gap in key identified sequences of data.

Axis 2 Model interfaces Deliverables D3, D4 (+ participation to D5)

1 Implementation of an interface based on the BIOME4 model so that the iLOVECLIM and IPSL
model output can be compared to pollen data.



1 Implementation of an interface for the FORAMCLIM modeétased with both the IPSL and
iLOVECLIM model. This will also involve some evolution of the ILOVECLIM marine
biogeochemistry model, so that its output can be used as input data for FORAMCLIM.

1 Implementation of dst in interactive mode for paleoclimatepeximents using the IPSL model.

As for axis 1, the strategy isftond a 2+1 year postioctoral position, which gives enough time for the
different developments and for their valorisation. Some developments will also be realised by
permanent staff of APSL such as the implementation of dust in interactive mode in the IPSL model
using outputs from axis Xeliable dated synthesis of loess records for a robust estimate of mass
accumulation rate associated with dust deposition during the last glacial period)

Axis 3 Comparison between model outputs and data over selected time periods (D5

91 Application of the modelling tool on LIG and abrupt climate variability of the last glacial period
with newly built data bases from Axis 1. These should lead to matications on these
periods.

The exploitation of model simulations and comparison to data synthesis will be performed in the frame
of master 2 internships with involvement of permanent staff from laBBSLThs should also be done
within dedicated wrkshops or invitations of external experts

Progress so far

The project started in the course
Axes 1 and:3
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November2016with sessions dedicated to timeodel and multiarchives data integration over
the periods of interest (session 1: propagation des changements climatiques globaux: processus
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periods chaudes dpassé; session 4: variabilité actuelle et passé du climat des hautes latitudes:
role de la cryosphere, rétroactions et impacts).

9 Lucie Bazin Troussellier is hired since thefNovember.
AXis 2:

1 Bret Metcalfe and Carmen Alvat@astro will beginhieir postdoc positions at the end of 2016 or
very beginning of 2017.

AXis3:
1 Hans Renssen is invited for one month by laHESIL for modetlata confrontation. The invitation
is made through the senior scientist invitation program

Program until 2019

1- Data syntheses (axis 1)

1-a- Data synthesis of the last interglacial period (November 2&{8il 2018)




1-ai ¢ Compilation of the mid to low latitude records covering the last interglaeiadd with dating
constraints (Nov 2018anuary 201)/
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better than 2000 years. We will select sites with available information on temperature (quantitative
estimates), stable isotopes (quantitative estimates) aedipitation (qualitative estimates) as well as
dating constraintsA workshop will be held at the beginning of the project (Climat et Impacts, Orsay,
15-16 November 2016) tpromote collaborations with research team outside of the labex to complete
the a\wailable records at-lPSL.

1-a-ii- Evaluation of dating constraints and harmonisation of chronologies by geographic zorspfeb

2017)

First, we will perform a thorough evaluation of dating constraints of the sequences identified in the
previous sedbn. Second, the validated data gathered in previous section will be separated in different
geographic zones (Mediterranean Sedlorth Atlantic¢ Asia¢ Southern ocean). This will enable
synchronization tests. We will thus use the DATICE-ancittives dting tool to incorporate these nen
climatic dating constraints within each region to evaluate the robustness of the classical hypotheses of
synchronicity of events among the various archives tracers. These tests will permit a quantification of
the lags baveen similar events recorded in different tracers (e.g. lag between change in pollen
concentration in response to a change in precipitation archives in @80 of speleothem).

1-aiii ¢ Production of a coherently dated sequence of the last interglacialdpgdct 2017 March 2018)

We will start from the coherent chronology of marine and terrestrial records from the Mediterranean
region. We will then extent it to the optimized chronologies of the North Atlantic region, by
synchronizing paleomagnetic recofdsy. Blake and po&tlake events) of marine sediments from both
regions, checking the coherence of temperature changes to the south and west of the Iberian Peninsula
and the coherence with Greenland ice core records. Coherence will be checked and:dptiithiz

South America speleothems. In addition, coherence within the Southern Ocean region will be achieved
by optimizing marine sediment paleomagnetic records, chronological constraints and low latitudes
proxies of ice cores and available speleothemsim Realand. Finally, the coherent time frame will be
transferred to the Indian and Pacific Oceans (using paleomagnetic and benthic forarifiera
records) for which less records are available.

Once all selected paleoclimatic records are placed on the globally coherent time frame, we will produce
time slices for specific time periods to map the spatial distribution of temperature and stabjeess

anomalies.

1-b Data synthesis of the abrupt climate variability

1-b-i- Review of the high to low latitude records with robust dating constraints covering H2 and H4 (April
2017July 2018)

A workshop will be held in mid 2017 to gather the difi¢idata sets available withinlRSL and from

the existing databases. In the following months (mid 2QXiid 2018), an wudepth work on the
reliability of dating constraints to be used over this time period will be assessed by experts in dating
techniqueswithin LIPSL (e.d*C correction).



At the end of 2018, a final selection of the high resolution records will be performed. This will be done
by choosing the higher resolution records (one reference by large geographical zone) for rapid event H2
and H4.

1-b-ii Acquisition of new data on targeted periods (2@078)

The data acquisition addressed by this project should concern key dating constraints or archives with
high resolution (200 years minimum around H2 and H4) and for which chronologitainbakeady

exist or are currently acquired. Target projects for master 2 students wAtRBLLwill be proposed for
spring 2017 and 2018.

1-b-iv- Chronology improvements and synchronization tests by proxies or geographic zones (August 2017

June 2018
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Second the data gathered in previous section will be separated in different geographic zones (e.g.
Mediterranean, North Atlantic, Asia, Southern Ocean). This will enable first synchronization tests as for

the interglacial period.

1-b-iv ¢ Production of a colrently dated sequences over H2 and H4 {Selpt 2013

The method for the production of the climatic and environmental sequences is exactly the same as the
one given in part-&-iii. We will especially use the paleomagnetic signal around the Laschantp even
(~40000 years before present) for H4 and test the connexion between the Mediterranean region and
N. Atlantic region with some available tephras.

2- Model interfaces (axis 2)

2-a FORAMCLIM

2-a-i Implementation of a FORAMCLIM interface so that ity @as with IPSL, and eventually iLOVECLIM
output (Jarg June 2017)

Currently, running FORAMCLIM requires many steps including corrections for-gegserdses and
regridding. The way FORAMCLIM was written makes its use vegotiswening if we wartb use it

for long simulations/high resolution model output. The model will therefore be adapted for an easier
use with large input files. This work can directly be applied for first analysis of existing IPSL simulations
for mid-Holocene, early Holocene, I8B and MIS4 stages (the LGM simulation has aleady been
performed).

2-aii- Implementation of a method enabling the use of FORAMCLIM with the outputs of iLOVECLIM (July
2017 June 2018) and applications (Julyec 2018).

There are a few variables migsiinom the marine biogeochemistry model implemented in iLOVECLIM
that are required as inputs for FORAMCLIM. The objective here is therefore to compute these variables,
either by working on the marine biogeochemistry model itself, or by building sim@draneavailable

output from the IPSL model.



2-b BIOME (JanDec 2017)

The comparison between paleodata on vegetation (pollens) and vegetation model outputs (ORCHIDEE)
are limited because ORCHIDEE models the presence and productivity of differdahptanmtal types

which are not directly comparable to pollen counting. We will implement and u&4@ME model in

the IPSICM to generate outputs that are coherent with pollinic records on the abrupt events of the last
glacial period. Specific outpubfn climate model usually require special piogsatment if we want to

use a model such as BIOME. We will create an interface to use BIOME with IPSL and iLOVECLIM output
and test different methods for these bias corrections. The tool will also enabletlyso$the influence

of single factors (GQsingle climate variables) on the vegetation so that the processes leading to its
evolution are better understood. The outcome can be compared to more complex dynamical vegetation
models such as ORCHIDEE butagurhere is really to build a tool with which we can easily compare
with pollen data.

2-c Dust in interactive model for paleoclimate experiments using the coupled modekb€)aan18)
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3 - Comparison between model outputs and data over selected time periods.(2019)

The exploitation of mael simulations and comparison to data synthesis will be performed by master 2
internships with involvement of permanent staff from labéR&L (especially for publications).

Deliverables for 2016-2019

In the next five years, our goal is to build newadsases for the periods of interest in this project, to
improve our models and their capacity to compare their results with data and to perform these
comparisons. This will yield a better knowledge or the processes at stake during the last interglacial
warm period and the abrupt climatic changes of the last glacial period. We thus propose the following
sub-challenges or deliverables:

Deliverable D1- A welldated and global data synthesis of the last interglacial (temperature,
precipitation, stable isotgs) with (1) weltated temporal evolutions of climatic records (with
propagated age and tracer errors) and (2) snapshots of climatic state for selected time slices (e.g. 130,
125, 120 and 115 kgkiloyears before presentin addition to the 127 ka arid 6 ka time slices selected

as part of the PMIP4 and CMIP6 projects).

Deliverable D2 A well dated(200 years relative uncertainty) agibbal synthesisintegrating new
targeted measurementsver two abrupt events of the last glacial period

T 1 SAYNR G A SOSylG 200dNE Ay | FdA tH@EEDO OALf O2
1 1 SAYING GikAa S0Syid 200dNE AY Fy AyGSN éml-(jé 3
n A I 0
58t AOSNIVWESI NGl A2y Ay OfAYFHAR) GLREFAADTIKIBOSNFV S|
1 Chw! alY[ la/ $O2LKeaA2f23A0Ff Y2RSt F2NJ INRSGK
S Ffdx Hammo G2 6A0 fAYy]l GKS NBfIFGADBS | 60dzy R



AY YIFENRYS | NOKA@GSO ®2 60OKDYIERERELIINGSrSASNE O
LI £ S20SFy23INFLIKAO NBO2NRaA®D

T .Lh¥%9F 0A2YS Y2RSf SyloftAy3 KS
| RANBOG O2YLI NRazy G2 GKS 206
Of  aaK¥FROI0BS3Y dZaSR Ay GKS |yl fe

NBO2yaidNHzOG A 2
SNBSR yR YS§
A

A
AA8 2F Ylye LI

a

Nk SIESABMAO AYLIE SYSyhlridAzy 2F (GKS AyiSNI OGA
dzLX SR Y2RSt Ay 2 NRSNJ (RdzaNHzyA yLIAfy&@2SONT OMGIABSE &

t A

5
i KS

X |»
O™
N ()

Ddiverable D5 Modeldata confrontation on the key time periods of this project (last interglacial
period, one abrupt event in full glacial context, one abrupt event in intermediate glacial context). This

will particularly enable us to test the differenfdotheses leading to abrupt climatic change (freshwater

flux, change of sei@e regime in northern Atlantic, changes of-sbeet extent through iceberg
discharges, bipolar seesaw ortropic&l A 3K f F A GdzRSa (St SO2yySOilAizyas

2-LP2: Reconstructing and attributing climate variability since the early 20th
century

Project leads : Slimane Bekki, Frédérique Cheruy, Marjolaine Chiriaco@iilyardi, Juliette Mignot
OFtLKFOSGAOFT 2NRSND
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Progress so far
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Program until 2019

The project in itself has to take off during 2017 and the program until 2019 is essentially to achieve the
different tasks proposed inhe project. This figure recalls how the taslepend on and feed each
other.



Task 1.2 Forcing
reconstruction

Task 1.1 20th century
nudged atmospheric
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- > | in situ
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Task 2.1 Task 2.2 Task 2.3

Understand the role of Regional analysis Local-scale climate
decadal variability in the impact and process variability in France:
20th century warming studies of the african role of large-scale

monsoon system circulation vs regional
o processes
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3-LP3: Impa

ct of climate change

Project leads: C. Rabouille and B. Sultan

Participants

Teams

L-IPSL contributors

|External collaborators

SP1

Marco Gaetani (LOCEAN)
Serge Janicol OCEAN)
Benjamin Sukan (LOCEAN)
Ben Parkes (LOCEAN)
Dimitri Defrance (LOCEAN)
Moise Famien (LOCEAN)
Frédéric Hourdir(LMD)
Cyrille Flamant(LATMOS)
Mathieu Vrac(LSCE)

SP2

Christophe Grenier (LSCE)
|Francois Costard (GEOPS)
Antoine Séjourné (GEOPS)
Catherine Ottlé (LSCE)

Masa Kageyama (LSCE)
Mathieu Vrac (LSCE)

Albane Saintenoy (GEOPS)
Anne Jost (METIS) as InterFrost
lparticipant

Alexander Fedorov (Russie)
Pavel Konstantinov (Russie)

Ivan Khristoforov (Russie)

> 20 InterFrost participants (Franjl
UK, Germany, Sweden, US
Canada)

SP3

Vincent Thieu (METIS)
IMarie Silvestre (METIS)
Josette Garnier J(METIS)
Gilles Billen (METIS)
Ludovic Oudin (METIS)
Christophe Rabouille (LSCE)
Laurent Bopp (LSCE)
Josiane Ronchail (LOCEAN)
Claire Lazareth (LOCEAN)
VVincent Chaplot (LOCEAN)
Robet Vautard (LSCE)
Mathieu Vrac (LSCE)

Alberto Borges (Belgique)
Nathalie GypengBelgique
Pierre RegnierEelgique
Goulven Laruelle,Belgique)
Ronnie LauerwaldRelgique)
Philippe Cugier (IFREMER, Francg|

Project summary (goals, methods)

In 2014, theFifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC)

has confirmed that the increase in anthropogenic greenhouse gases emissions has produced (and will

continue producing) global climate change with potential impacts amalaesources, ecosystems and
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from natural variability on a global basis for temperature, but chamgpeecipitation intensity and
seasonal patterns do not reach a consensus especially when regional scales are investigated. Yet, the
water cycle at the regional scale and its changes are the main drivers that control impact on human
populations and ecosysteQa A dzAGF Ayl o0AfAle@d ¢CKSNBF2NB: Al Aa
scale the time whewrlimate change impacts will emerge from prestey climate variability. This is
particularly relevant in some regions that are highly threatened by elichainge like the Arctic regions,

the Mediterranean and for populations from developing countries who highly depend on natural
resources like in West Afrida.this project our goal is to tackle three different types of climate impacts

in different regios where IPSL has expertise anBSL initiated activity through previous projects. The

large project will build upon these to develop methodologies for emergence of impacts.

In West Africa, for example, deciphering between climate variability and cliinatge and their
impacts on societies through agriculture is a very challenging task. As global warming in this region of
the world will affect numerous sectors such as energy, agriculture, water use and health, the time of
emergence can differ and somecsors and/or some populations can be affected faster than some
others. Knowing which sector will be first affected by climate change can help to support adaptation
policies. In the warming Arctic and subarctic where permanently frozen soils dominatemeasail
retention, climate change has already impacted the thermal structure of the surface soils. It is thus
essential for the potential positive feedbacks that thawing permafrost can provide on the carbon cycle
to understand how this impact will propstg on the permafrost thermal state, affecting water
catchment hydrology, groundwaters and the mechanical stability of the soils in Arctic and subarctic
regions. In addition, in all regions impacted by climate change, it is also crucial to assessrtislityine

of ecosystems to climate change, due to the importance of ecosystem services and goods (food
production, water quality, soil retention and transfer downstream, connectivity between ecosystems).
In this regard, aquatic ecosystems are of main ingmee as they transfer water, nutrients, carbon and
particles downstream to the coastal zone and sustain in itself a large productivity that serves as food
reserves for a large share of the world population (>50% for freshwater bodies, Kummu et al, 2011).

Several challenges have to be achieved in the coming decade concerning impacts of climate change.
Simulations of regional climate are increasingly becoming available and, combined to impact models,
their use to adapt/mitigate the impact of climate chargjeeiquired in key regions. The assessment of

the time of emergence (ToE) for climate change impacts will provide an estimation of the time available
before the consequences of climate change become too severe for the humans/ecosystems of
vulnerable regionsAt LIPSL, we have targeted three specific regions with impacts of climate change:

- West Africawhere water resources and agriculture are largely dependent on climate and its
variability/change

- Arctic and subarctic regiomghere the water cycle, from dace to groundwaters, is impacted
by climate change with potential feedbacks on greenhouse gases

- Densely populated miltitude regions where water quality and aquatic ecosystem services
from land to coastal ocean are threatened

The main question raisedhen mitigation or adaptation is concerned is the time of emergence of these
impacts from the variability linked to climate variations. When will these impacts reach a critical
treshold? How can human societies or ecosystems adapt to the new situaticimaingang climate?

Our challenges in Lab#&RSL will be to tackle this issue by implementing these three research sub
projects in a collaborative manner through series of workshops in order to share knowledge and metrics
of the Time of Emergence (ToE). €kehange of experience on this common goal applied on different
climate change and impacts will strengthen tHeEL community working on impact of climate change
and deliver a reflexion/methodology to tackle ToE questions.



Subproject 1: Impact of climte change on water resources and agriculture in West Afrieatime-
of-emergence approach (started in October 2016)

Uncertainties affecting climate model simulations are reflected in impact studies, which are based on
climate models outputs. Global clate models display a significant spread in prediction over West
Africa due to their divergent capabilities to model the West African Monsoon (WAM), which is the
main rain carrier in the region. Therefore, reducing (or being able to quantify) the uncgriaiint
climate models in West Africa would provide impact models with more constrained inputs. The main
objective of this study is the reduction of the uncertainties affecting the definition of the time of
emergence of the climate change signal in impadtsgugh the understanding of the uncertainties in
climate models. The definition of critical metrics to evaluate climate models, based the sensitivity to
specific mechanisms and/or forcings, and the subsequent classification, appears crucial in this respect
(see below).

Subproject 2: Impact of climate change on arctic and subarctic regibeasmpacted water cycle from
surface to groundwaters (started in 2016, pdst to be hired in 2017)

The project will be based on a combination of an internatiomaeling benchmark project and the
development and of a unique reference field database on surface and subsurface hydrology in the
Siberian Lena River Basin. The study of the system in the context of climate change will thus benefit
from well validated andptimized codes to represent coupled Therhtydrological codes operating at

the scale of a landscape unit with the full complexity of field conditions. The international InterFrost
code intercomparison project hosted at LSCE (wiki.lsce.ipsl.fr/interfrasts launched in November

2013. Its intention is to provide a platform for the evaluation and optimization of coupled heat and
water transfer codes and activate the modeling community around climate change impact issues
requiring rapid development of effent and validated codes. So far, academic test cases were
considered with some validation experiments performed in a cold room at GEOPS. For the next phase
to come, more realistic and complex test cases have to be developed and modelled, espediatiy inclu
non-saturated water flow conditions. In this purpose, time series measurements (started since 2012)
performed in Central Yakutia (East Siberia) will be continued and compiled into a unique reference river
valley monitoring setup and database. A tramghrough a river and its underlying permafrost is
instrumented in collaboration with the Melnikov Permafrost Institute in Yakutsk to continuously
monitor the hydrological and thermal state evolutions. This dataset will be further prepared to become

a reference InterFrost test case with web site publications and submitted to the InterFrost community.

The key parameter studied will be permafrost temperature and put in relation with the evolution of
climate conditions. Its evolution is complex, e.g. dependn land cover, presence of a water body,
presence of ground ice. The key issues addressed are here water resources evolution (all year round
liquid water is only available below water bodies where the unfrozen bulb, called talik, will increase and
might become a througttalik, able to connect surface and spérmafrost water with very different
geochemical properties) and landscape evolution (Yakutsk area is a-gmuich region where
propagation of summer heat at depth can reach the ice rich afytre ground thus causing liquid

water to be released and the triggering of ground subsidence leading to the creation of thermokarst
lakes).

The time of emergence of climate change will be studied for various key parameters covering all typical
subunits of the valleyiver system (0°C isotherm propagation, permafrost temperatures at distinctive
locations) taking past monitoring data into account (air temperatures since 1830, ground temperature
series beginning in 1930 as well as recent monitoring daiyrriver site) and past and future regional

climate simulations issued from CMIP5 and Arctic CORDEX. Some key ToE issues will be proposed for
InterFrost participants providing the base to extend the results obtained with Cast3M (LSCE code) to



several otler codes possibly adopting other modeling strategies thus providing a range of uncertainties
in terms of quantitative ToE results.

Subproject 3: Impact of climate change on water quality and aquatic ecosystdoesdrom land to
coastal oceamutrientand carbon transfer

The project will extend the ongoing work of #PEL project related to the impacts of modified
hydrological regimes on the ecological functioning of aquatic ecosystems (Mélanie Raivitghpgst
doc until Septembe2017), using a nodanistic biogeochemical model (pyNRiserstrahler) at a pluri
regional scale. This modelling effort presently integrates a prbesesi understanding of fluvial
nutrient and carbon exports from the upper watershed to the estuary. The developmerg ofdtel
and its test in one case study in the Seine River basin and estuary is presently finishing.

The present project aims at generalizing the hylWogeochemical modeling chain GR4yNus
Riverstrahler¢ GGEM over all the northeast European Atlgic rivers (from the Rhine to the
Guadalquivir)with the introduction of carbon exchange fluxes between aquatic ecosystems and
atmosphere; at assessing the response of the aquatic continuum to elirdateed changes for these
rivers flowing into the Atfgtic coast; at quantifying thé@me of emergence (ToE) of the impacts on these
systems over the present variability; anestablishing high resolution budgets of GHG emissions from
regional aquatic continuum especially ;@changes with the atmospherand contribute to the
revision of their impact in global Earth System model estimates under changing climate condition.

Progress so far

Subproject 1 which is the most mature has started in 2016.

SP1: Impact of climate change on water resouncelsagrtulture in West Africaa timeof-emergence
approach (lead Benjamin SuliahOCEAN)

West African climate is dominated by the West African Monsoon (WAM) dynamics and associated
summer precipitation. WAM precipitation variability at time scales from imtera to multidecadal is

mainly driven by global ocean SST anomalies [Rod#fgueeca et al., 2015], but also drivers at the
regional scale are important, as the Saharan Heat Low (SHL) [Lavaysse et al., 2009], which is in turn
modulated by the radiativiercing from C@[Cook and Vizy, 2015], Saharan dust [Lavaysse et al., 2011],
and water vapour [Evan et al., 2015]. Unfortunately stdtthe-art climate models are still deficient in
reproducing the historical variability and agreeing on future projesti@iasutti et al. 2013). A
particularly relevant issue is represented by the inconsistency between the recent precipitation
recovery observed across the Sahelian belt (Fontaine et al. 2011) and the future scenarios projecting a
zonal precipitation dipoleith wet conditions in centradastern Sahel and a drying in the west (Monerie

et al. 2012). The uncertainties in the model representation of the historical and future West African
climate may be attributed to the low skill in identifying and disentapgfia numerous drivers of the
variability, and the different sensitivity to global and regional drivers (Janicot et al. 2015; Gaetani et al.
in review). Summarising, the open issues regarding the WAM dynamics and precipitation variability and
change can beonveyed in two main issues: (1) the comprehension of the physical mechanisms; (2) the
ability of the models in simulating the identified physical mechanisms and the sensitivity to different
forcings.

Uncertainties affecting climate model simulations r@féected in impact studies, which are based on
models outputs (Oettli et al. 201The main objective of this study is the reduction of the uncertainties
affecting the definition of the time of emergence of the climate change signal in impacts, ttireugh
understanding of the uncertainties in climate models. The definition of critical metrics to evaluate climate



models, based on the sensitivity to specific mechanisms and/or forcings, and the subsequent
classification, appears crucial in this respect.

The project will be developed through the following actions:

9 Identification of key areas and indicators for impact assessmeamamely, agriculture (crop
production), water resources (drought risk), human health (heat stress), energy (availability of
renewable sources);

1 Analysis of climate modelsexisting climate simulations, mainly from the CMIP5 archive, will
be analyzed to build a classification proces&nted, i.e., based on the sensitivity to different
forcings (SST, GHG and aerosol) and the mobitityain reproducing the main physical
mechanisms (global teleconnections, regional feedbacks);

1 Application of climate outputs to impact indicatorsimulated climate variables will be used
to run crop models and compute impact indicators.

1 Processoriented assessment of the impactémpacts will be assessed for each of the model
family previously identified, to verify whether the model classification is suitable for building
impact scenarios or a finer classification is requested.

1 A time of emergence anabiswill be performed on climate inputs and impacts outputs to
determinewhen climate change impacts will emerge from preséay climate variability.

So far, Marco Gaetani has been hired as a postdoc in LOCEAN to work on the project on Gctober 1
He ha started to read the papers and participated to a meeting with Mathieu Vrac (LSCE) and the
team in LOCEAN (Serge Janicot, Benjamin Sultan, Moise Famien, Dimitri Defrance) on methodological
aspects (time of emergence studies, choice of runs) and futur&swvor

Program until 2019

A series of workshop will be conducted with 2 workshops in 2017 and one per year in 2018 and 2019.
The first two workshops will be dedicated to methodological issues of time of Emergence and regional
climate uncertainties and progtions, while the last two workshops will be dedicated to cross
presentations of time of Emergence in different contexts related to the three subprojects.

Two subprojects will start in 2017 and will last until 2019:

- Impact of climate change on arctica&subarctic regions: the impacted water cycle from surface to
groundwaters

- Impact of climate change on water quality and aquatic ecosystems services from land to coastal
ocean: nutrients and carbon transfers

SP2. Impact of climate change on arctic aubarctic regions: the impacted water cycle from surface
to groundwaters(lead C. GrenieL,SCE and F. CostaeEOPS)

The project includes two main components. The first one concerns the development and evaluation of
local process oriented Therrttydraulcal codes that can simulate the complex short and long time
evolution of key landscape units under climate change. This is the overall aim of the InterFrost
benchmark project in which the LSCE coupled TH LSCE Cast3M code is involved. The second concerns
the studied system. A rivealley system was selected in the key region of Central Yakutia with a
collaboration with the Melnikov Permafrost Institute (Yakutsk). A combined approach is considered to:

i) complement and compile local Syrdakh river pilot sitmitoring information, ii) simulate of the

system with Cast3M over the monitoring period, iii) select and adapt (bias correction) past and future
centennial climate evolution conditions based on climate simulation (CMIP5 and Arctic CORDEX) and
local metewoological histories, and iv) based on these, study address the ToE issues, study the main



system controlling parameters and provide a prospective of its future evolution. The unique Syrdakh
database will be proposed to the InterFrost community. Due tadneplexity of the natural system

and code properties, simulation approaches among the presently 13 participating codes will necessary
differ allowing intercomparison of modeling approaches (from simple to complex) and of simulation
results.

V|= 0.0135¢- 11,424
R'=033

Yakutsk air temperatur

Figure Drone view of Syrdakh region with the river valley with a thermokarst landscape, air temperature
histories are provided from 1830 on.

The working program is structured as follows:

9 Task 1Global to regional climate simulations
a. Review existing model rdtaifrom CMIP5 and Arctic CORDEX for CY (Central Yakutia)
b. Select a short list: reject models that are not adapted to permafrost conditions and/or
unable to represent existing time series (eag. Arecip)
c. Implement bias correction approaches and propopgmal time series for last and
next centuries

9 Task 2Local impacts on the Syrdakh Pilot Site adley system (river, valley, meadow and
pine forest covers)

a. Complement ongoing field studies (e.g. implement some key measurements
complementary to thenal monitoring like soil water content probes and/or geophysics
like GPR or resistivity).

b. Create a comprehensive and w&luctured database for the Syrdakh site monitoring
period (from 2012 on) to be published on the InterFrost web site.

c. Simulate thermbstate evolution during monitoring period with Cast3M (+ additionnal
models from InterFrost project)

d. Simulate past and future system evolution with ad hoc scenarios

e. Sensitivity analyses to main parameters and extrapolate predictions to other typical CY
rivervalley systems



1 Task 3Time of emergence and controling parameters
a. Atmosphere, ground & talik parameters from a combined analysis of observations and
models
b. Time to reach thresholds for start of ice wedge melting and through talik installation for
typical CY systems

InterFrostaims are to propel the development and validation of efficient and realistic thermo
hydrological models to address the climate impact issues on small scale systems not represented in
climate models. The dataset collected in B#will be proposed as InterFrost task once the dataset is
gathered. The main tasks devoted to InterFrost are

- Publicatiorof the first phase of the intetomparison (13 codes on cases TH2 and TH3, refer to
wiki.lsce.ipsl.fr/interfrost/), a preparatoryep to the present project
- Organization of a worksha late 2016 or beginning of 2017 to precise future tasks:
a. Extension of the model development and evaluation issurertsaturated flow
conditionsbased on the most recent knelwow. Review and recomwlgr existing
laboratory cases to assess such issues and a futurecomgrarison strategy. Climate
simulation codes are already interested to join on this issue.
b. Includerealistic field case®r common simulation and interomparison, esp. the
Syrdakh ase

A postdoc will be hired in 2017 to work on this program in close relation and making the link between
simulation and field data participants, climate modeling and regional process oriented participants,
prepare the Syrdakh dataset to communicatehviiie InterFrost participant community via web site
publishing, publish the results in international journals.

SP3Impact of climate change on water quality and aquatic ecosystems services from land to coastal
ocean: nutrients and carbon transfers (ledd ThieuMETIS and C. RabouilsSCE)

Gl obal bi ogeoctessmants ddvéordong linderestimated or oversimplified the
transport of carbon and nutrient in watershgdacross the aquatic continuums. IPCC Assessments only
recently accourgdfor the lateral flows of carbon, based on new research emphasizcgritribution

to global and regional budgets (Battin et al. 2009, Bauer et al. 2013, Raymond et al. 2013, Reignier et
al 2013). While research on nutrient cycling have rapidly integratefilteeing role of aquatic system
(Meybeck and Vorosmarty 2005), biogeochemical models operating at large scales remain mainly
(semi)empirical (Global : NEW2Mayorga et al. 2010; European : GREEMizzetti et al 2011; US :
SPARROWAIexander et al. @01) and do not represent the physics and the variability of processes
governing the functioning of aquatic ecosystems (Billen et al 2G@®nier et al 2002In addition,
estuarine interfaces (involvingnultiple space and time scalelynamics) areoften limited to welt
constrained specific systemand hardly ever consider in regional or global integrated land to sea
assessment.

Gobalbudgets thus required to be confronted with
assessments, as they are thely ones offering a comprehensilogeochemical accountingf the
transformation, elimination/immobilization of carbon and nutrients during thedmsfer from small

stream to larger river and finally to estuariead the coastal oceanThese @gional modés are also
prompted to help imquantifying the cascade of climatenduced changealong the aquatic continuum,

which potentially includes botHirectimpacts on hydrological regimes ateimperature, andndirect



impactson river ecosystem functioninge. the biogeochemicatesponse othe aquatic continuunto
climateiinduced changes in the hydrological cycle

Subproject 3 (SP3) clearly identifies the need for a regional integrated prebesed quantitative
understanding of the aquatic continuum in respse to climate changes

A recent project was launched within thelRSL(WP4 project 15)to couple asemidistributed
hydrological model (GREEMANEIGE; Perrin et al., 2003, Valéry et al., 2014) to a mechanistic
biogeochemicalriver model (pyNutsRiverstahler; Thieu et al 2015) and asstuarine 1D
biogeochemical model (GEM; Volta et al 2014). Developed in a view of a generic application at the
continental scale, this modeling chain is currently tested on the Seine river basin (75,000 km?, France)
with regionalized projections of precipitation and temperature (BCCORDAEND et al., 20)2and

using 4 GCM, a total of 5 RCM, and 2 prospective situations for the tin2dldGthe most extreme

IPCC scenario 8.5 and the stabilization RCP 4.5).

In SP3, thaunderstanding of the carbon fate from land to ocean is of great importance and the
modeling chain will directly benefit from the most recent progress on this research topic, in
collaborations with scientists from the ITNGascade (led by P. Regnier) whaafong other includes

the improvement of the carbon dynamic within the pyNWRs&/erstrahler model (A. Marescaux,
ongoing PhD). In addition, The UMR Metis has been collaborating since more than 25 yrs with several
labs of the ULB and IFREMER, couplingieerr basin model with their coastal zone models-EROS,
EUThresholds, EMMWARE, and several projects of the Liteau program), while the LSCE group is
actively involved in understanding riveea connection in major regional rivers.

These recent or ogoing researches will formthie basis of a dynamic modelling research framework,
from which SP3 will take full benefits. SP3 research works will progress through the following
achievements:

1. Generalizing the hydrbiogeochemical modeling chain GR#YNus-Rverstrahler— GGEMover
all the northreastEuropearitlantic (NEA) rivers (more than 350 000 km of drainage network from
the Rhine to the GuadalquividPrevious research has enabled to set up and validated the pyNuts
Riverstrahler for the recent periodn the NEA domain (SEERA EMoSEM, Desmit et al. 2014)
making the SP3 modeling exercise easier for the freshwater compartment. Most effort will be
devoted to the generic application of estuarind3EMwhichreduces dataequirements by using
an idealizedrepresentation of the estuarine geometry and allows quantitative prediction of
hydrodynamics, salt transport and biogeochemistry at the appropriate spatial and temporal scales
in alluvial estuariesThe scale of application (NEA domain) represents a meakthrough for the
river-estuary modeling chain.

2. Usethe modeling chain to provide an integrated assessment of the aquatic continuum response
to climateinduced changes for all western European rivers flowing into the Atlantic coast. Beyond
the amount ofcarbon and nutrierdexported to coastal area (where it might support harmful algal
bloom), SP3 will grant a particular attention to the spatial and temporal assessment of aquatic
ecosystems alterations along the gradient of climatic conditions offeréshbyNEA domain.
Additionally, comparativeanalysesof individual NEA aquatic systems responses are expected
(including hydrosystesy morphology, climate conditios) estuarine geometryetc.). These
outcomesshoud open promising discussions and collaboratiomith marine modelling teams
(IPSI=-LSCE LOCEAN).

3. Main impacts brought out by the modelling chain in response to climate changes will be subject to
concept of the time of emerge (TqEh orderto determine when climate change impacts will



emerge fran presentday climate variabilityDedicatedneeting will be held early in the project to
define how to applya common methodology and define metrics in the case of aquatic continuum

4. Establish high resolution budgets of GHG emissions from regional @dfgAdic continuum
especially CPexchanges with the atmosphere, and contribute to the revision of their impact in
global Earth System model estimates under changing climate cond&yond servings regional
benchmark for the global modelthese regimal emissions assessments should also provide useful
quantitative information related to climatelynamic and feedbacks for Earth System models
developed at IPSL.

We propose the following agenda for SP3:

2016 2017 2018 2019

SP3 Impact of climate changs water quality

Generalizing the hydrbiogeochemical modeling
to NEA

integrated assessment of responseG€

Times ofEmergence

CO2emissions from regional aquatic continuum

Datasés deliverable

Scientific paper achievement

It appears important that SP3 starts in FARIL7 (ideally in June or July), to enable a joint time period
where M. Raimonet (WP4 postdoc) could transfer the methodological gevehts produced in
Labex project 15, in an efficient way to the SP3 postdoc candidate.

Deliverables for 2017-2019

Subproject 1:

Deliverables Type Time of delivery
A comprehensive proces: Paper December 2016
based classification o]

climate models

Archive of multisectoral Database June 2017
impacts indicators

Time of emergence o Paper December 2017
impacts on agriculture

Time of emergence o Paper September 2018

multisectoral impacts

Subproject 2:

Deliverables Type Time of delivery

First phase of inter- Paper February 2017

comparison

Interfrost workshop Workshop March 2017

Archive of CY meteorologic: Database End 2017, after compilatior
and soil temperature of September field survey
Syrdakh field dataset

Simulation of talik evolution Paper March 2018

with Cast3Mand comparison
with Syrdakh field data



Time of emergence o Paper
impacts and simulation o

future impact of CC on river

valley system

Subproject 3:
Deliverables

A new integrated quantitative assesent of nutrient and
carbon transfer in westeriin western E-riversestuaries
Map of inland and estuarine aquatic ecosystem alteratic
under climate change (in river basins from the Rhine to
Guadalquivir)

Pastand contemporary and future (climaienpacted) water,
carbon and nutrient (N, P, Si) fluxes deliver to western
coastal seas (southern bight of North sea, English char
Gulf of Biscay, Iberian shelf)

Regional GHG estimate framegional aquatic system (rivers
estuaries) in western EWY contribution to global budget
estimates

Direction and magnitude of changes driven by climate, alc
the aquatic continuumof the North-East Atlanticdomain
(including time 6 emergence of impacts)

CQ exchanges with the atmosphere,

Fall 2018

Type
Paper

Dataset

Dataset

Paper

Paper

Dataset

Time of delivery
*

December 2018

May 2018

December 2018

December 2018

June 2019

June 2019



4- Model development (TWP1)

Project lead: Jeathouis Dufresne, Olivier Boucher

Participants

Tasks L-IPSL contributors |External collaborators

High resolution ceanjjJulie Deshaye (LOCEAN)

modelling Olivier Aumont (LOCEAN)
Laurent Bopp (LSCE)
Christian Ethé (IPSL)

[Running and checkinf Olivier Boucher (IPSL)
a suite of CMIPdSébastien Denvil (IPSL)
simulations Marie-Alice Foujols (IPSL)

and the ICMC steering conittee

Running and|Olivier Boucher (IPSL)
processing data folSébastien Denvil (IPSL)
high  resolutionffnarie-Alice Foujols (IPSL)
simulations Thomas Dubos (LMD)
and the ICMC steering committee

Project summary

IPSL is continuously developing HESL, is Earth System Model, since about twenty years. This model

is central to many research activities from theoretical studies to analysis of observations, from
paleoclimate to future climate changes, from very specific studies to contribution to large catadlin
experiments like CMIP. Currently, about 100 persons use and develop this model, and a much larger
number of persons use the model results, within the IPSL community and beyond.

chemistry & aerosols
INCA | REPROBUS

Atmospheric physcs
LMDZ

coupler
OASIS

Oceanic physics
OPA

NEMO

Land and vegetation
ORCHIDEE

biogeochmistry
PISCES
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In the next two years, our work will be very much oriented by our contribution to the sixth phase of the CMIP
project. We have obtained a large amount of computer time and storage volume during the period 2016
2018 tha will allow us to have an ambition contribution to CMIP6. We plan to contribute to this project with
the following model versions and resolutions:

1. two resolutions for the coupled model:

-LR : Atm: 2.5x1.5° (144x144) L79, Oce: 1° L75
-MR : Atm: 1.3x0.6§280x280) L79 [TBC], Oce: 0.25° L75

2. ahigh resolution (0.5°) atmospheric model with the new dynamical core and the same physical
package as IREIM6. We plan to contribute to the prescribed SST experiments of the HighResMIP
project with this model in ta 2018.

The calendar of model development and simulations is the following:
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The development of IPEIM6.1LR is almost finished and this model version will be frozen beginning 2017.
Test and improvements to prepare higher resolution version of the Inhadestarted and has benefit of

some support to help the development of the high resolution version of the ocean model (task 1). IPSL will
contribute to CMIP6 with a very large number of experiments and simulations, and support to help
performing these mas is also asked (tasks 2 and 3).

Progress so far
Task 1Development of a high resolution version of {2BL

In order to take into account the effect of processes that are smaller than the model grid, atmospheric
and oceanic models have parameterizasioWhen changing the grid resolution from a few hundreds

to a few tens of km, most parametrizations can be kept unchanged but some have to be adapted. In the
atmosphere, a classical problem when increasing the resolution is the tendency of model to sievelo
called grid point storms, i.e. strong numerical convective rainfall associated with a strong vertical
ascending motion in one particular column of the model. Developments to solve this problem are
ongoing within an existing project (ANR Convergel@®)the oean, a high resolution NEMO 1/4
model (1442x1021x46 grid) will be used. A direct consequence of a better resolution is the improvement
of the interactions between currents and topography. A better resolution allows an improvement of
mesaoscale pocesses provided that parameterizations are modified. Indeed, this spatial resolution is
not sufficient to simulate the mesgrale processes in the low latitudes that cover more than 50% of the
ocean. Without these improvements, the current simulatioressbery noisy vertical velocities, which

is unsuitable for the biochemistry processes which variables are primarily driven by the vertical
dynamical processes.

The developments made within the Drakkar collaboration that originally developed the highiaeso
NEMO 1/4 ° model, ORCAOQ025, have been included in standard version of NEMO used by the IPSL climate
model, eORCAO02% ompared to ORCAO025, the geographical imprint of eORCA025 has been extended
to the south so as to represent better the coastliné\nfarctica and the freshwater fluxes from the
continental ice shelf toward the ocean. More precisely, these fluxes have been split in two components:
freshwater fluxes along the coastline to mimic the dynamics of tindeshelf seas (currently
parameteried, but the configuration is ready to sustain an explicit representation of those dynamics)
and freshwater fluxes associated to iceberg melting in the open ocean. The latter has been shown to
reduce significantly an overestimated polynya in the Weddell/peeat in the southernmost part of the
configuration, the bathymetry of eORCAO025 is identical from that of ORCA025 which has been carefully
tuned so as to represent as well as possible cutiegdgraphy interactions, in particular in small
straights or éep ocean canyons (such as Fatamk Channel).

At all latitudes, simulations with eORCA025 show intensified the eddy kinetic energy (EKE) at surface
when compared to coarser resolution simulations, suggesting that they resolve more small scale
processesas expected. However, at this resolution, the mesoscale ocean processes are hardly resolved
in the tropics only. Elsewhere, the model outputs are likely to reflect both numerical noise and realistic
ocean processes. Gildas Mainsant delivered a substafffint to reduce the numerical noise of
eORCAO025 simulations by adjusting the choices of model schemes and parameters. This task involved



running multiple tests of sensitivity over interannual simulations and then intercomparing those, which
is quite cha#inging at such high resolution on the global scale. It has led us to tune the horizontal
viscosity, the conductivity of snow, the horizontal advection and convection schemes, the vertical mixing
representation and the sulmescescale parameterisation, coma to the original ORCA025
configuration. Still ongoing is sensitivity experiments to mesoscale parameterisations which require ad
hoc tuning so as to preserve mesoscale processes where explicitly resolved by the model.
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Figure :Eddy kinetic energy forear 1999 (run started in 1981 from climatology and rest, and uses
COREZ2 atmospheric forcings) in the model grid framework (colors follow log scale, unit is cm2/s2) for a
simuation with the eORCA025 model.

Program until 2019

Task 2: Help to run and clkez suite of CMIP6 simulations

The sixth phase of the CMIP project is very ambitious. The broad and diverse interests of IPSL scientists,
the features of IPSCM6 and the computer resources we have obtained for the next years open the
possibility of a majocontribution of IPSL to CMIP6. IPSL scientists lead or are currently strongly involved
in twenty MIPs endorsed by CMIP6. This will require to run a large ensemble of experiments and to
publish the data produced. More precisely, this will require to dhigevery large number of output
variables (about one thousand), to specify the precise configuration of the model and the forcings, to
check the proper execution of hundreds of runs, and to check the quality of the outputs and to publish
them. We ask foa one year software engineer to help on these two latter tasks.

Task 3: Help to run the High resolution version of the@R&Lmodel

We plan to finish the developments on the high resolution of the IPSL climate model at the end of 2017
and the developmenof the high resolution atmospheric model with the new dynamical core by mid
2018. The runs and the processing of the data are very demanding and we ask for a one year software
engineer to help doing these tasks.



Deliverables for 2016-2019
Task 1A first version of the high resolution version of the ocean me@RCA025

Task 2A suite of CMIP6 runs are performed and their results are made available to the community
through ESGF

Task 3An ensemble of runs with the High resolution version ofRi$. model are performed and their
results are made available to the community through ESGF



