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eeee® On June 1, 2017, when the international cohesion around climate change
o0

mitigation goals that led to the adoption of the 2015 Paris Agreement
appeared weakened, French President Emmanuel Macron issued a full-throated
call to rally together to “make our planet great again.”

The French government has demonstrated its commitment to achieving
this goal by mobilizing exceptional resources for international mobility and
collaborationin climate and environmental scienceresearch. Germany quickly
joined forces with France on this initiative.

Students and scientists worldwide were invited to apply for short and
long-term academicand research fellowshipsin France. Many North American
scientists embraced the opportunity to apply. Among them, 24 awardees
received scholarships for research fellowships with French climate and
environmental science laboratories lasting three or more years.

In addition to making an outstanding contribution to research on climate
and the environment, these scientists have become advocates for further
collaboration between the research institutions in their home and host
countries, not to mention the countries themselves.

As the first phase of the Make Our Planet Great Again program draws to a
close, | would like to officially invite the fellowship recipients to the Embassy
of France in the United States on October 17-18, mere weeks before the
27" Conference of Parties of the United Nations Framework Convention
on Climate Change and just a few months before the Paris agreement is
scheduled to be reviewed. Fellows are invited to share the results of their
impressive research and provide the leaders of American and European
scientificinstitutions with valuable insight into the best ways to shape the future
of transatlantic cooperation and approach climate change mitigation and
adaptation worldwide.

(XYY YY) Philippe ETIENNE

Ambassador of France
to the United States
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“Because wherever we live,
whoever we are,

we all share the same responsibility:

Make our planet great again.”

— President Emmanuel Macron
Elysée Palace, Paris - June 1, 2017

Er T History of the

“Make Our Planet
Great Again”
tnitiative

The “Make our Planet Great Again” initiative was launched by
French President Emmanuel Macron on June 1, 2017 amid inter-
national concern and incertitude following then-President Donald
Trump’s announcement of the US withdrawal from the 2015 Paris
Agreement.

France expressed its readiness to lead the international effort to
keep pursuing the Paris Agreement goals, along with a new funding
scheme to host climate researchers, entrepreneurs, students,
associations and NGOs from around the world.

As soon as June 8, the French government opened an online
portal allowing candidates to apply for a wide range of projects:
short-term or long-term research stays, post-doctorate positions,
graduate (master or PhD) studies, collaborations with laboratories
in France. 1,800 formal applications were received, among which a
majority from the United States (61%).

Germany announced its intention to join the initiative during the
French-German summit held in July 2017.



Long-term research stays

The action concerning long-term research stays (3-5 years) in
French research laboratories, which is the focus of the present
booklet, was placed under the joint responsibility of the French
National Research Agency (ANR) and the French National Center
for Scientific Research (CNRS). Institutions hosting laureates were
required to co-fund these research stays on par.

VN R W il ——— ——

Candidates were given the possibility to apply in three thematic . * '
areas: = 1 B Fa

e Earth system science: knowledge and monitoring of the
physical, chemical, biological, ecological and social mecha-
nisms that underpin global and regional environmental
changes. This includes an understanding of how these
mechanisms have interacted in the past, and how they are
likely to evolve in the future as well as scientific assessments
that are relevant to diverse contexts ranging from global to
local scale.

¢ Climate change and sustainability sciences: critical knowl-
edge gaps in ways of addressing sustainable development
challenges in the context of global and climate changes. This
includes meeting basic needs for a growing human popula-
tion in a stressed ecosystem and how societies may address
global environmental and sustainability challenges.

e Energy transition: transition from fossil fuels towards
innovative zero carbon energy sources, associated to carbon
sequestration and usage strategies.

n

18 laureates were announced during the “One Planet Summit
held in Paris on December 2017, among whose 13 from the United
States.




14 more laureates, among which 5 from the United States, were
announcedin 2018,and 11 morein 2019 (3 from the United States),
bringing the total number of French-funded laureates to 43, among
whose 21 from the United States.

On the German side, the Make Our Planet Great Again - German
Research Initiative (MOPGA-GRI), managed by the Deutscher
Akademischer Austauschdienst (DAAD), is funding 13 more projects
taking place in German laboratories.

A joint MOPGA Kkick-off conference was held in Paris on
October 1, 2019 in the presence of French and German research
ministers Frédérique Vidal and Anja Karliczek, and a mid-term
conference was held in Strasbourg, France, on November 23-24,
2021. The final meeting is scheduled in Berlin, Germany on
December 6-7, 2022.

Post-doctorate fellowships,
graduate studies, short-term research stays

Campus France, the French agency for the promotion of higher
education, international student service and international mobility,
manages applications and grants for post-doctoral, graduate
studies fellowships (master, PhD) and short-term research stays.
Five editions of the call have been issued since the launch of the
initiative. Applications are evaluated by experts appointed by the
French Ministry of Higher Education and Research.

Fresh funding received by the Embassy of France in the United
States also allowed to increase the numbers of the beneficiaries,
in fields relevant to the Make Our Planet Great Again initiative. The
Chateaubriand program supports talented doctoral students from

6

American universities to conduct research stays in France over a
period for 4 to 9 months, in the framework of joint projects
between French and American research laboratories.

Bilateral research collaborations

This exceptional funding was also used to increase the number
of projects funded in topics related to Climate and Earth science
in the full array of existing bilateral collaborations programs
managed by the Embassy of France:

* The Transatlantic Research Partnerships program (formerly
Thomas Jefferson Fund);

* The French-American Doctoral Exchange program (FADEX);

e The bilateral endowment funds established between
France and a number of American universities:
UC Berkeley, UC Stanford, University of Chicago, UT Austin.

Workshops and seminars

Additional events have been also organized under the MOPGA
label, such as a workshop to launch the France-MIT Climate
Program or a seminar on the possible exploitation of the data
provided by the schooner Tara Oceans.
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The laureates at the official kick-off conference on October 1, 2019 in Paris
with French and German ministers of research Frédérique Vidal and Anja Karliczek.
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Project Hermeés - High Resolution
Modeling of the Earth System (HRMES)

Project Hermeés has the key aim of addressing sources of uncertainty in
our understanding of the Earth system and its variability and evolution
under changes in external forcings. The uncertainty comes from our
inability to resolve key processes relevant to climate: principally the role
of clouds, but we hypothesize that similar approaches can be applied
in the ocean for key mixing processes that are also below the current
resolution threshold. The project can be summarized as follows:

+ Conduct very high-resolution simulations of key processes in the
atmosphere and oceans which are below the threshold available in
global models today. Such simulations will be at the limit of capabil-
ity on today’s computing technology.

* Given trends in computational technology, use these simulations to
build and train fast approximate models or emulators of the Earth
system, to explore uncertainties in the system using ensembles that
are beyond possibility with the full model. The unique feature of

Home institution Princeton University, USA
Host institution Laboratoire de Sciences du Climat
et de 'Environnement (LSCE), Saclay, France

/;) Clustering ocean dynamical regimeﬂ

Full complexity
ocean model

Y

Data Transform: Barotropic vorticity space

Venkatramani BALAJI .
]

B) Supervised learning using labeled
ocean dynamical regimes

-

With different inputs, training a classifier using labels from step A

C) Tracking the effect of global Heating
on Ocean Regimes (THOR)

Predict ocean regimes of models with no access
to in-depth ocean data

Extract input

New ocean
data needed

Run the trained

model classifier

from step B

for the
classification

Interpret
inferred

Project Hermes is the combination of computationally challenging

!{ interest dyna'mlca.lj
regimes

simulations and fast models for uncertainty exploration.

Balaji, V., Couvreux, F., Deshayes, J., Gautrais, J., Hourdin, F.,
Rio, C., 2022. Are GCMs obsolete? arXiv:2204.06957 [nlin,
physics:physics]. https://arxiv.org/abs/2204.06957.
Accepted for publication in PNAS.

Clare, M.C.A.,, Sonnewald, M., Lguensat, R., Deshayes, J., Ba-
laji, V., 2022. Explainable Artificial Intelligence for Bayesian
Neural Networks: Towards trustworthy predictions of ocean
dynamics. https://doi.org/10.48550/arXiv.2205.00202,
accepted for publication in JAMES

Lguensat, R., Deshayes, J., Durand, H., Balaji, V., 2022. Semi-
automatic tuning of coupled climate models with multiple

From Sonnewald and Lguensat (2021), illustrating the Projet Hermes approach of
using deep learning to convert high resolution models into dynamical understanding.

intrinsic timescales: lessons learned from the Lorenz96
model. https://doi.org/10.48550/arXiv.2208.06243, in review
at JAMES

Sonnewald, M., Lguensat, R., 2021. Revealing the Impact
of Global Heating on North Atlantic Circulation Using
Transparent Machine Learning. Journal of Advances in
Modeling Earth Systems 13, e2021MS002496. https://doi.
org/10.1029/2021MS002496

Sonnewald, M., Lguensat, R., Jones, D.C., Dueben, P.D., Bra-
jard, J., Balaji, V., 2021. Bridging observations, theory and
numerical simulation of the ocean using machine learning.

Environ. Res. Lett. 16, 073008. https://doi.org/10.1088/1748-
9326/ac0eb0

Balaji, V., 2021. Climbing down Charney’s ladder: machine
learning and the post-Dennard era of computational
climate science. Philosophical Transactions of the Royal
Society A: Mathematical, Physical and Engineering Sciences
379, 20200085. https://doi.org/10.1098/rsta.2020.0085

Balaji, V., 2020. « Science des données » versus science
physique : la technologie des données nous conduit-elle
vers une nouvelle synthése ? Comptes Rendus. Géoscience
352, 297-308. https://doi.org/10.5802/crgeos.24 9



Ashley BALLANTYNE —
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Home institution University of Montana, USA
Host institution Laboratoire des Science du Climat
et de I'Environment (LSCE), Saclay, France

S Process Oriented Model Evaluation Linked to Observations (POMELO)
[ -
8 Our project focused on Process Oriented Model Evaluation Linked to
1 Observations (POMELO) is a trifecta of three research topics focusing on
& sensitive regions for potential carbon-climate feedbacks:
1. Developing a global water stress indicator based on remote sensing
land surface temperature (LST) data and testing this water stress
indicator to identify tropical regions sensitive to radiation, soil water
supply, and atmospheric water demand. Our preliminary results in-
dicate that certain tropical regions appear to have undergone a shift
in sensible heat sink from the atmosphere to a sensible heat source.
2. Evaluating the sensitivity of peatland carbon fluxes to drying. We
are combinining experimental and model simulation data to better
predict the CO, and CH, fluxes from peatlands at high latitudes. Our
empirical and simulation results suggest that under drying conditions
peatland carbon dynamics may shift from a CH, source to a CO, sink.
3. Lastly, We are also investigating the carbon tunover time in living
vegetation by compiling a large forest inventory dataset and compar-
ing this with model simulations. Thus far we have discovered that
temperate forests have the longest turnover time among the worlds
forests due to relatively high biomass and low mortality rates.
) Ballantyne, Ashley P., Zhihua Liu, William R. L. Anderegg, Green, Julia K., Ashley Ballantyne, Rose Abramoff, Pierre Han Chen, Jonathan Barichivich, Craig Allen, Hui Yang,
" Zicheng Yu, Paul Stoy, Ben Poulter, Joseph Vanderwall, Jen- Gentine, David Makowski, and Philippe Ciais. 2022. “Surface ~ Yuanyuan Huang, and Ashley Ballantyne. 2021. “Field-Based
O nifer Watts, Kathy Kelsey, and Jason Neff. 2021. “Reconciling ~ Temperatures Reveal the Patterns of Vegetation Water Tree Mortality Observations Constrain Model-Projected For-
=  Carbon-cycle Processes from Ecosystem to Global Scales.” Stress and Their Environmental Drivers across the Tropical est Carbon Sinks across Continents.”
(O Frontiers in Ecology and the Environment. https://doi. Americas.” Global Change Biology 28 (9): 2940-55. https:// ’ - L
U 6re/10.1002/fee 2g2y96 P doi.ore/10.1111/gch 161g39 gy 2809 P Min Jung Kwon1,2, Ashley Ballantyne1,3, Philippe Ciais1,
= ge. ’ ’ Orgrte. §Cb- ’ Chunjing Qiu1,4, Elodie Salmon1, Nina Raoult1, Bertrand
O Ciais, Philippe, Yitong Yao, Thomas Gasser, Alessandro Kwon, Min Jung, Ashley Ballantyne, Philippe Ciais, Ana Bas- Guenet1,5, Mathias Géckede6, Eugénie S. Euskirchen?7,
2 Baccini, Yilong Wang, Ronny Lauerwald, Shushi Peng, et tos, Frédéric Chevallier, Zhihua Liu, Julia K. Green, Chunjing Hannu Nykdnen8, Edward A. G. Schuur9, Merritt R.
QO al. 2020. “Empirical Estimates of Regional Carbon Budgets Qiu, and John S. Kimball. 2021. “Siberian 2020 Heatwave Turetsky10, Catherine M. Dieleman11, Evan S. Kane12,13,

-
o

Imply Reduced Global Soil Heterotrophic Respiration.”
National Science Review, July. https://doi.org/10.1093/nsr/
nwaa145.

Increased Spring CO2 Uptake but Not Annual CO2 Uptake.”
Environmental Research Letters: ERL [Web Site] 16 (12):
124030. https://doi.org/10.1088/1748-9326/ac358b.

Yu, Kailiang, Philippe Ciais, Sonia Seneviratne, Zhihua Liu,

Donatella Zona14,15 Lowering water table reduces carbon
sink strength and carbon stock in northern peatlands.
Global Change Biology. In press.



Frederic BOUCHARD —

Home institution Université de Sherbrooke, Canada
Host institution Laboratoire Géosciences Paris-Saclay
(GEOPS), Orsay, France

S Permafrost and Greenhouse gas dynamics in Siberia (PEGS)
[N
8 Permafrost is defined as any soil or .rock with a tem.perature at or A thermal erosion
vy below 0°C for at least two consecutive years. Covering more than  ‘gully’ (ravine) formed
million square kilometers in the northern hemisphere, permafrost is in ice-rich permafros
L 20 mil kilometers in th thern hemisph frost h frost
especially abundant and ice-rich in Yakutia (eastern Siberia). It contains in central Y_akL_Jtia, east-
millennium-old organic matter (plant and animal debris) deposited ern Siberia, in August
and sequestered in frozen soil during colder climate. With ongoing 2019-T?et?aw'”g of
climate warming, this ice-rich permafrost thaws and releases organic PErmatrost €xposes
. . massive ice wedges
carbon, which can then be transformed into greenhouse gases (CO,, tens of thousands of
CH,) by microbial processes. This project explorfas the dyngmms of years old, releasing
these greenhouse. gases from a set of lakes of different origins near  \yater, sediments, and
Yakutsk, eastern Siberia. The results show that these lakes are hotspots organic matter in the
of greenhouse gas emissions, but with substantial spatial and temporal environment.
heterogeneity (differences up to two orders of magnitude depending on Photo credit: Ludwig
lake type and season). Shallow and old lakes located in hydrologically Jardillier, Université
closed depressions acted as CO, sinks and strong sources of CH, during Paris-Saclay.
some seasons, while recent ‘thermokarst’ (thaw) lakes were moderate
to extremely high sources of CO, and CH,, with considerable accumula-
tion of greenhouse gas under the ice cover (winter) or in the deepest
water layers (summer).
N Costard F, Gautier E, Konstantinov P, Bouchard F, Dupeyrat Hughes-Allen L, Bouchard F, Laurion |, Séjourné A, Marlin C,
L, Séjourné A, Fedorov A (2022). Thermal regime variability Hatté C, Costard F, Fedorov A, Desyatkin A (2021). Seasonal
O ofislands in the Lena River near Yakutsk, eastern Siberia. patterns in greenhouse gas emissions from thermokarst lakes
=  Permafrost and Periglacial Processes, 33(1), 18-31. https:// in Central Yakutia (Eastern Siberia). Limnology and Oceanogra-
8 doi.org/10.1002/ppp.2136 phy, 66(S1), S98-S116. https://doi.org/10.1002/In0.11665
:— Hughes-Allen L, Bouchard F, Hatté C, Meyer H, Pestryakova LA, Costard F, Dupeyrat L, Séjourné A, Bouchard F, Fedorov A,
O  Diekmann B, Subetto DA, Biskaborn BK (2021). 14,000-year Saint-Bézar B (2021). Retrogressive thaw slumps on ice-rich
) carbon accumulation dynamics in a Siberian lake reveal catch- permafrost under degradation: Results of a large-scale
O mentand lake productivity changes. Frontiers in Earth Science,  laboratory simulation. Geophysical Research Letters, 48(1),

9,710257. https://doi.org/10.3389/feart.2021.710257

€2020GL091. https://doi.org/10.1029/2020GL091070

(N
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Home institution University of Hawaii, USA
Host institution Laboratoire d'Etudes en Géophysique
et Océanographie Spatiales, Toulouse, France

Julien BOUCHAREL ([ —

Tropical Cyclone Activity and Upper-Ocean Dynamics (TROCODYN)

Identifying and understanding the mechanisms involved in hurricane
genesis and intensification is paramount to building reliable forecast
systems that are beneficial for risk management agencies and coastal
populations. The two main goals of the proposed study are:

1. to assess and quantify the control of the upper-ocean dynamicson
the variability of hurricane activity in the Eastern Pacific and
Atlantic basins from intraseasonal to seasonal timescales,

2. account for these mechanisms to provide a theoretical basis crucial

to upgrade physical-empirical forecast models. It is proposed to
critically evaluate the most recent oceanic, atmospheric in-situ data,
reanalyze products and storm track archives focusing on the following
key questions: how much of the variability of cyclonic activity in these
regions originates from changes in oceanic conditions? To what
extent are these changes related to natural modes of oceanic
variability? What can we learn from the relatively predictable tropical
ocean dynamics to improve hurricane forecasts in these basins?

"“)'-

-,
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Results derived from observation-based products and theoretical analysis will be confronted to output from state-of-the-art forced and coupled
global and regional climate models. This will allow quantifying and comparing, via a variety of sensitivity experiments, the control of different timescales
of oceanic variability on the cyclonic activity in these two basins.

Xue, A., Zhang, W., Boucharel, J. and Jin, F.-F. (2021). Anoma-
lous Tropical Instability Wave activity hindered the develop-

ment of the 2016/2017 La Nifa. Journal of Climate, 1. doi:
http://dx.doi.org/10.1175/jcli-d-20-0399.1

Boucharel, J. and Jin, F.-F. (2020). A simple theory for the
modulation of tropical instability waves by ENSO and the

annual cycle. Tellus A: Dynamic Meteorology and Oceanog-

raphy 72, 1-14. doi: http://dx.doi.org/10.1080/16000870.20
19.1700087

Marchesiello, P., Kestenare, E., Almar, R., Boucharel, J. and

Nguyen, N. M. (2020). Longshore drift produced by climate-

modulated monsoons and typhoons in the South China
Sea. Journal of Marine Systems 211, 103399. doi: https://
doi.org/10.1016/j.jmarsys.2020.103399

Xue, A., Jin, F.-F., Zhang, W., Boucharel, J., Zhao, S. and Yuan,
X. (2020). Delineating the Seasonally Modulated Nonlinear
Feedback Onto ENSO From Tropical Instability Waves. Geo-
physical Research Letters 47, e2019GL085863. doi: https://
doi.org/10.1029/2019GL085863



James CLARK [ —
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Home institution Duke University, USA
Host institution Laboratoire des Ecosystemes
et des Sociétés en Montagne, Grenoble, France

Moisture surplus (mm)

S Forecasting Biodiversity Change (FORBIC) 1000 2000 2000
L 1 1 J
8 Future ecosystems will be shaped by forest capacity to recover from Net primary 1000+
) stress and adapt to accelerating change. Forests provide the structural production (NPP)
& foundation for much of the planet's biodiversity, and they deliver the shows a 3-fold ~ _
resources needed to maintain food webs and many of the services on 'Ecrea?i fro”l £ csp
which humans depend. orealto we g 100+
' ) o ) o tropics, while @
The MOPGA project Forecasting Blodlvers_lty Change mmatgd a glqbal seeds per tree % %
effort to understand the changes happening now and their implica- basal area (ISP) & 3,
tions for biodiversity. increases 100-  § %
. . . = 104
Led by researchers at Duke University and INRAE/Univ Grenoble, f°|d'fa”d feEds 2
the initiative now engages over 100 collaborators from Europe, North (pcesrp)oi;ecsrezg(: <
America, South America, and Asia. Our initial focus on forest reproduc- 250-fold
tion is expanding to effects on the consumers of forest productivity. o
Our early results have quantified the basic biogeography of fruit, seed,
and nut production, how it is controlled by the condition of individual
trees, and how those responses translate to landscape and continental 15
shifts. Current focus on forest recovery and effects on wildlife extend Temperature (°C)
the early MOPGA results to biodiversity impacts.
dry taiga € Gradient =  wet tropics
) Parsons, AW., J.S. Clark, and R Kays. 2022. Monitoring small  of Sciences, 119 (3) €2116691118; https://doi.org/10.1073/ Bystrova, D., G. Poggiato, B. Bektas, . Arbel, J. S. Clark, A.
C mammal abundance using NEON data: are calibrated indi- pnas.2116691118. pdf: e2116691118.full Guglielmi, and W. Thuiller. 2021. Clustering species with
9 ces useful? Journal of Mammalogy, in press. Qiu, T., S. Shubhi, C. W. Woodall, and J.S. Clark. 2021. ;?Zg:lil Esgﬁgllgrsc%ng?ggx 'n;f(r)]'dntgngctl'%sndﬁttt”t;%gg
"(._’U Sharma, S., Y. Bergeron, M. Bogdziewicz, D.C. Bragg, D. Niche shifts from trees to fecundity to recruitment that ore/10 é389/fé o £021 60%/84 volution, Nttps: .
(U  Brockway, N.L. Cleavitt, B. Courbaud, AJ. Das, M. Dietze, T.J. determine species response to climate change. Frontiers g/1vu. Vo : ’
:— Fahey, J.F. Franklin, G.S. Gilbert, C.H. Greenberg, Q. Guo, J. in Ecology and Evolution 9, 863. https://www.frontiersin. Poggiato, G., MUnkemdiller, T., Bystrova, D., Arbel, J., Clark,
O  Hille Ris Lambers, I. Ibanez, J. Johnstone, C.L. Kilner, G. Kun- org/article/10.3389/fevo.2021.719141, DOI10.3389/ J.S. and Thuiller, W. 2021. On the interpretations of joint
3  stler, .M. LaMontagne, D. Macias, J.A. Myers, R. Parmenter, fevo.2021.719141. species distribution models. Trends in Ecology and Evolu-
(O  C.L.Scher, W.H. Schlesinger, M. Steele, N.L. Stephenson, M. tion, https://doi.org/10.1016/j.tree.2021.01.002.

Swift, T.T. Veblen, A.V. Whipple, T.G. Whitham, A.P. Wion,
K. Zhu, R. Zlotin, and J.S. Clark, 2022. North American tree
migration paced by recruitment through contrasting east-
west mechanisms. Proceedings of the National Academy

Tang, B., J. S. Clark, and A. E. Gelfand. 2021. Modeling
spatially biased citizen science effort through the eBird
database. Environmental and Ecological Statistics, https://
doi.org/10.1007/s10651-021-00508-1.

Clark, J. S., C. L. Scher, and M. Swift. 2020. The emergent
interactions that govern biodiversity change. Proceedings
of the National Academy of Sciences, 117, 17074-17083.
clarkPNAS2003852117.full 13



Louis DERRY e,
Home institution Cornell University, USA _

Host institution Institut de Physique du Globe
de Paris (IPGP), Paris, France

S The Critical Zone as a Non-Steady State Biogeochemical Reactor (CZ-TOP)
—
8 Rivers export natural and anthropogenic solutes from landscapes in 40 —r—r—r T T
& complex ways. What is transported depends on the ways in which l —
r Water entering the landscape can react with the subsurface soil and 35} 2 mrrw ;
rock. This in turn depends on the pathways the water follows and how
long it takes to travel from the entry point on the surface to the exit 30h
point at the stream, the concept of “water age.” River flows vary greatly BAEAR Hge AEErRTNd SR
with season and storm events, and the materials transported by -
rivers vary as well. The variation in river flows and material transport wasr
are reflected in water quantity and quality, and both of those proper- s
ties are evolving and will continue to evolve under a changing climate. 220}
We are using the behavior of streams and the Critical Zone to t
climate events (storms) to explore and understand the response E15} {
of the hydrogeochemical system to new forcing. We combine non-
steady state hydrologic models that predict flow paths and the water 10k i
ages with reactive tracers and reactive transport models that indicate
how water chemistry (“water quality”) responds to events (drought or
flood). Reactive chemistry varies with water age distribution and flow 5r Mean age of stream water )
path on many time scales.
0 “, A A . ! ) A . : A i .
9 & & \‘o“ & & & ‘,;a‘ & & o $ &
(V) N. M. Fernandez, J. Bouchez, L. A. Derry, Margais, J., Derry, L. A, Guillaumot, L., Mean transit time (“age”) model for groundwater and stream
g chl:h?rovgrd- Gai'l'(ardEtL'-DGieﬁbreczfgfzz Aqut”i%a't',--' & d? Dtreg?y'é-‘R- (Zoéz)- E’y”tamic water at the Guillec River, Bretagne, showing large seasonal
= R.esirlilzrsw'cy.ofl;ir:isci :;'pjc.)rt. sigrlrjla?Sr.es Whén g'(t)rr;;n: clggsrglsss;islolflalgvr;rliJ:tixas Z; ° varla'qons in the “age” or transit time of water that ?nters the basin
Q8] low order streams are subject to storm streamwater transit times. Water Resources as rain and leaves later as stream water. (Marcais et al. 2022)
L events. Jour Geophys. Res. Biogeosci- Research, 58, e2021WR029659. https://doi.
O ences, 127, e2021)G006660. https://doi. org/10.1029/2021WR029659
= 0re/10.1029/2021JG006660.
an
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Grenoble, France

Home institution Florida State University, USA
Host institution Institut des Géosciences de 'Environnement,

William DEWAR I —

Consistent OceaN Turbulence for ClimaTe Simulators (CONTaCTS)

CONTaCTS has focused on the study of sub-mesoscale and mesoscale
phenomena and subgrid-scale parametrizations for the next generation
of climate simulators. Realistic North-Atlantic NEMO simulations per-
formed in France have been used to analyze the submesoscale turbulence
at the ocean surface. These explicit submesoscale resolving simulations
have been shown consistent with a recently proposed parameterizatione.
These simulations are also being used to examine submesoscale impacts
on kinetic energy spectra®’ and on their interactions with topography.

We have also analyzed a realistic North Atlantic ocean ensemble to quan-
tify the influence of the mesoscale turbulence on kinetic energy<e, tracer
transport® and vertical exchanges within and across oceanic boundary
layers. We have demonstrated the unique role of the separated Gulf
Stream in establishing circulation equilibriumin the North Atlantic?, a result
thatlikely generalizesto alloceanbasins. We have developed novel methods
for investigating the cross-scale energetic dynamics of the ocean in realis-
tic settings"* and quantified intrinsic ocean variability contributions to the
climatically important Atlantic Meridional Overturning Circulation (AMOC).

aJamet, Q, B Deremble, N Wienders, T. Uchida and

WK Dewar, On Wind-Driven Energetics, Journal of 10.5281/zenod0.5496375737.

double gyre ensemble. In: Earth-cube annual meeting. doi:
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Cape Hatteras
and North Atlantic Current are marked as are other locations in the
North Atlantic interior and gyre retroflection with six regions in total
named from A to F. We have investigated the kinetic energy wavenumber
spectral structure at these locations and compared them.

hUchida, T, Q Jamet, A Poje, N Wienders, WK Dewar and B
Deremble, Wavelet-based wavenumber spectral estimate of

Advances in Modeling Earth Systems, 2020, https://doi.
org/10.1029/2020MS002329.

b Ajayi, A, ] Le Sommer, E Chassignet, ]-M Molines, X Xu, A
Albert and WK Dewar, Diagnosing Cross-scale Kinetic En-
ergy Exchanges from Two Submesoscale Permitting Ocean
Models journal of Advances in Modeling Earth Systems, 2021,
doi:10.1029/2019MS001923.

cUchida, T, Q Jamet, A Poje and WK Dewar, An ensemble-
based eddy and spectral analysis, with application to the
Gulf Stream, Journal of Advances in Modeling Earth Systems,
2021, doi:10.1029/2021MS002692

dUchida, T, Deremble, B, Dewar, WK, & Penduff, T, Diag-
nosing the Eliassen-Palm flux from a quasi-geostrophic

e Uchida, T, Q Jamet, WK Dewar, | Le Sommer, T Penduff and
D Balwada, Diagnosing the thickness-weighted averaged
eddy-mean flow interaction from an eddying North Atlantic
ensemble, Part I: Kinematic framework, Journal of Advances in
Modeling Earth Systems, doi: 10.1029/2021MS002866, 2022.

fJamet, Q, S Leroux, WK Dewar, T Penduff, ] Le Sommer, ]-M
Molines and J Gula, Non-local Eddy-Mean Kinetic Energy
Transfers in Submesoscale-Permitting Ensemble Simulations,
Journal of Advances in Modeling Earth Systems, in press, 2022.

gUchida, T, et al and WK Dewar, Cloud-based framework for
inter-comparing submesoscale permitting realistic ocean
models, Geophysical Model Development, 2022, in press.

eddy kinetic energy: Theory, Journal of Advances in Modeling
Earth Systems, submitted, 2022.

iUchida, T, D Balwada, Q Jamet, WK Dewar, B Deremble, T
Penduff and J le Sommer, Cautionary tales from the mesoscale
eddy diffusivity tensor, Ocean Modelling, submitted, 2022.

jJamet, Q, WK Dewar, N Wienders, B Deremble, S Close and
T Penduff, Locally and Remotely Forced Subtropical AMOC
Variability: A Matter of Time Scales, Journal of Climate,
2020, DOI: 10.1175/)CLI-D-19-0844.1

kJamet, Q., A. Ajayi, T. Penduff, J. Le Sommer, A. Hogg and
WK Dewar, On Energy Cascades in General Flows, Journal
of Advances in Modeling Earth Systems, 2019, https://doi.
org/10.1029/2020MS002090.
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Host institution Institut de Chimie, Clermont-Ferrand, France

Modeling Biologically Driven Processes in Clouds (MOBIDIC)

MOBIDIC aims at improving the representation of biological processes
in the atmosphere. Cloud droplets are media where chemical,
physical and biological processes occur that modify chemical and
biological constituents. Resulting composition of cloud water affects
rain composition which impacts air quality and soil composition;
evaporating cloud droplets release aerosol particles that - depending
on their composition and size - lead to cooling or warming of the
atmosphere and to subsequent cloud formation.

While chemical processes in cloud droplets are relatively well
studied, the importance of bacteria in converting chemical species
in clouds has not been estimated yet due to the lack of suitable
numerical models. In the current project, laboratory and ambient
data (e.g., from the local Puy de Ddme station, Auvergne, France) in
clouds and cloud-free air have been used to explore the microbial
activity in the atmosphere. These data are used to assess the impor-
tance of biological processes for chemical budgets in the atmosphere
and for the role of various atmospheric conditions on microbial
activity.

Chemical
processes

Microorganisms

Dissolved |
Species

Chemical &
Biological
Products

(Bacteria)

G
i I_—ll Aerosol particles | & -

.
.= ..
- - - - - .. -
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Khaled, A., Zhang, M., and Ervens, B.: The number fraction
of iron-containing particles affects OH, HO2 and H202
budgets in the atmospheric aqueous phase, Atmos. Chem.
Phys., 22, 1989-2009, https://doi.org/10.5194/acp-22-1989-
2022, 2022.

Zhang, M., Khaled, A., Amato, P., Delort, A.-M., and Ervens,
B.: Sensitivities to biological aerosol particle properties and
ageing processes: potential implications for aerosol-cloud
interactions and optical properties, Atmos. Chem. Phys., 21,

3699 - 3724, https://doi.org/10.5194/acp-21-3699-2021, 2021.

Khaled, A., Zhang, M., Amato, P., Delort, A.-M., and Ervens,

B.: Biodegradation by bacteria in clouds: An underestimat-
ed sink for some organics in the atmospheric multiphase
system, Atmos. Chem. Phys., 21, 3123-3141, https://doi.
org/10.5194/acp-21-3123-2021, 2021.

Jaber, S., Joly, M., Brissy, M., Leremboure, M., Khaled, A., Er-
vens, B., and Delort, A.-M.: Biotic and abiotic transformation
of amino acids in cloud water: Experimental studies and
atmospheric implications, Biogeosciences, 18, 1067-1080,
https://doi.org/10.5194/bg-18-1067-2021, 2021.

Jaber, S., A. Lallement, M. Sancelme, G. Mailhot, B. Ervens
and A. Delort, Biodegradation of phenol and catechol in

cloud water. Comparison with radical chemistry, Atmos.
Chem. Phys., 20, 4987-4997, https://doi.org/10.5194/acp-
20-4987-2020, 2020.

Ervens, B. and P. Amato, The global impact of bacterial pro-
cesses on carbon mass, Atmos. Chem. Phys., 20, 1777-1794,
https://doi.org/10.5194/acp-20-1777-2020 , 2020.

Péguilhan, R., Besaury, L., Rossi, F., Enault, F., Baray, J.-L.,
Deguillaume, L., Amato, P., Rainfalls sprinkle cloud bacterial
diversity while scavenging biomass, FEMS Microbiol-

ogy Ecology, Volume 97, Issue 11, fiab144, https://doi.
org/10.1093/femsec/fiab144 , 2021



i
O
=
O
()
n
)

o

Publications

Home institution Yale University, USA

Alexey FEDOROV I ——
]

Host institution Laboratoire dOcéanographie et du Climat : Expérimentations
et Approches Numériques (LOCEAN), Paris, France

Arctic climate change, global ocean circulation and basin interconnections (ARCHANGE)

With the accelerating global warming, we understand more and more
that different components of the climate system are tightly intercon-
nected. How well state-of-the-art climate models represent those inter-
connections strongly affects the fidelity of future climate projections. In
particular, future changes in the Atlantic meridional overturning circula-
tion (AMOC) - the key component of the global ocean “conveyor belt” -
remain uncertain.

It is generally expected that the AMOC will weaken significantly by the
end of the 21t century, but the rates of AMOC slowdown vary greatly
across climate models. Whether the AMOC might eventually collapse is
also debated. This uncertainty arises because the AMOC is influenced by a
variety of local and remote processes, some acting to speed up the AMOC
slowdown, others to stabilize this circulation. In turn, AMOC changes in-
fluence a broad range of climate and weather phenomena ranging from
El Nifio to tropical cyclones.

The overarching goal of ARCHANGE is to study these processes and their
climate impacts. For example, we investigate how two salient features
of global warming - Arctic sea ice decline and enhanced warming of the
tropical Indian ocean (TIO) - modulate the AMOC. Understanding these
interconnections is an urgent, yet challenging problem of climate science.

The strength of the A . . .
Atlantic Meridional *

Overturning Circula-
tion (AMOC) and the
North Atlantic Warming
Hole (NAWH) in large
ensemble simulations Mo m am aw o
of the Community Earth

System Model (CESM).
(A) The AMOC strength
during 1920-2100 from
CESM simulations (blue,
ensemble mean; light
blue, ensemble spread).
(B) Ensemble mean sea s e
surface temperature © e s 00 G0 im0 w5
(SST) change (years

2061-2080 minus 1961-1980) in the North Atlantic in CESM large ensemble
simulations. (C) The scatter plot of SST changes over the NAWH region [black
box in (B)] and AMOC strength changes in CESM simulations (blue dots for
individual ensemble members). The best-fit line (black) is also shown.

After Liu et al. 2020.
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Studholme, J., Fedorov, A.V., Guley, S., Emanuel, K., Hodges,
K., 2022: Poleward expansion of tropical cyclone latitudes in
warming climates. Nature Geoscience 15, 14-28.

Li, R., Studholme, J., Fedorov, A.V., Storelvmo, T., 2022:
Precipitation efficiency constraint on climate change. Nature
Climate Change 12, 642-648.

Ferster, B.S., Fedorov, A.V., Mignot, J. and Guilyardi, E., 2022:
Slowdown and recovery of the Atlantic meridional overturn-
ing circulation and a persistent North Atlantic warming hole
induced by Arctic sea ice decline. Geophysical Research Letters,
€2022GL097967

Shankle, M.G., Burls, N., Fedorov, A.V., Thomas, M., Penman,
D.E., Ford, H.L., Jacobs, P., Liu, W., Planavsky, N.J., and Hull,
P.M., 2021: Pliocene decoupling of equatorial Pacific tem-
perature and pH gradients. Nature 598, 457-461

Liu, W. and Fedorov, A\V., 2022: Interaction between Arctic
sea ice and the Atlantic meridional overturning circulation in
a warming climate. Climate Dynamics, 58, 1811-1827.

Heede, U.K., and Fedorov, A.V., 2021. Eastern equatorial Pa-
cific warming delayed by aerosols and thermostat response
to CO2 increase. Nature Climate Change 11, 696-703.

Li, H. and Fedorov, A.V., 2021: Persistent freshening of the
Arctic Ocean and changes in the North Atlantic salinity

caused by Arctic sea ice decline. Climate Dynamics, 57,
2995-3013.

Li, H., Fedorov, A. and Liu, W., 2021. AMOC stability and
diverging response to Arctic sea ice decline in two climate
models. Journal of Climate, 34, 5443-5460.

Ferster, B.S., Fedorov, A.V., Mignot, J. and Guilyardi, E., 2021:
Sensitivity of the Atlantic meridional overturning circulation
and climate to tropical Indian Ocean warming. Climate Dy-
namics, 57, 2433-2451.Hu, S., and Fedorov, A.V., 2020: Indian
Ocean warming as a driver of the North Atlantic warming
hole. Nature communications, 11, 4785
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S Geodynamic perturbations of climate signals (GYPTIS) 42§4° 82" 80" 78° 76" 74’ 72" 70°
[ -
8 The goal of the GYPTIS project is the mapping of spatio-temporal links between Earth’s
V) internal dynamics and climate related signals recorded by surface geological markers. 40°
& These signals include sea level variations and astronomical (Milankovitch) forcing of
paleoclimate variations recorded by stratigraphic data. The sea level data of special 38°
interest are high-stands recorded during warm periods, notably Pleistocene interglacia-
tions, the Mid Pliocene Warm Period, and the Paleocene-Eocene transition. Knowledge a6°
of sea level during these warm periods provide important clues about the vulnerability
of polar ice masses subjected to increased global temperatures. To address these .
objectives my group carries out computational simulations that track the global-scale 34
movements of hot rocks deep inside the Earth’s interior.
These calculations reconstruct the evolution of Earth’s internal structure over the past 82’
70 millionyears and the impact on surface elevations of continents, depths of oceans, and
changes in Earth’s gravity field. These complex whole-Earth simulations are still “work in 30°
progress,”vbuttheinitialresultsareyieldinginsights onthe originand amplitude of vertical
land movements during the Last Interglacial (125 thousand years ago), directly impact- o8° ;
ing the interpretation of widely distributed markers of sea level. We also find substantial . .
changesinEarth'sglobalellipticalshape,withmajorimplicationsforastronomicallyinduced , \) S
variations of climate. 28 A=
Change in DT since 135 kyr BP (m)
10 8 6 -4 2 0 2 4 6 8 10
V)  Forte, Alessandro M., and David B. Rowley. “Earth’s Isostatic Spreading.” Journal of Geophysical Research: Solid Earth Predicted change of dynamic topography (DT)
(- fand Dynamic Topography—A Critical Perspective.” Geochem- 127, no. 2 (2022): e2020JB021638. since the last interglacial period (135 thousand
O istry, Geophysics, Geosystems: e2021GC009740 (2022). GliSovi¢, Petar, Stephen P. Grand, Chang Lu, Alessandro years ago) in the Eastern US based on computa-
4(-_6 Rowley, David B aqd Alessanfdro M. Forte. "Ki_nematics M. Forte, and S.' Shawn Wei. “The e_ffects of discontinu- tional geodynamic simulations of the evolution of
(U of the East Pacific Rise Retrodicted From Pacific and ity topography in the mantle transition zone on global 3-D structures inside the solid Earth. Units in the
:— Farallon/Nazca Subduction-Related Torques: Support geodynamic observables and mantle heterogeneity.” Geo- .
O for Significant Deep Mantle Buoyancy Controlling EPR physical Journal International 230, no. 1 (2022): 623-642. scale bar are metgrs. Figure from Austermann &
5 Forte (2019, doi.org/10.22498/pages.27.1.18).
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Philippe LUCAS-PICHER —
e

Impacts of climate change at the kilometer-scale over Europe (KM-IMPACTS)

With the recent increase in computational power, long 1-3 km reso-
lution Regional Climate Model (RCM) simulations became computa-
tionally affordable few years ago. This new generation of RCMs, often
called CPRCMs for Convection-Permitting RCMs, has the particularity
to resolve explicitly deep convection phenomena, thus removing one
of the key uncertainty in nowadays climate simulations. This project
addresses the improvements of fine-scale high-impact weather
events in CPRCM simulations on climate time scales to pave the way
to the next generation of climate services.

A thorough analysis of global climate model (GCM), classic RCM and
new CPRCM simulations is ongoing to assess the robustness of their
climate-change signals. One major aspect of this project consists in
the analysis of the changes of fine-scale meteorological phenomena
over the Mediterranean Islands in climate change simulations
Another interest is the impacts of climate change on flash floods
using improved hourly meteorological variables over southeastern
France. Finally, another study focuses on the future evolution of the

50-200 km

_10-50 km

EWEWSW2W 0 2E 4E FE PE 10

Global Climate Model

Regional Climate Model

L

Convection-permitting
Regional Climate Model

urban climate of some large European cities using the more realistic
simulated local meteorological variables. Up to now, CPRCM have
shown improvements of local scale simulated meteorological
variables, which is promising for more robust climate change signals
that are going to be analyzed in the coming months.

Lucas-Picher, P., D. Arglieso, E. Brisson, Y. Tramblay, P. Berg,
A. Lemonsu, S. Kotlarski, and C. Caillaud, 2021: Convection-
permitting modelling with regional climate models: Latest
developments and further steps, Wiley Interdisciplinary
Reviews Climate Change, 12(6), €731. doi: 10.1002/wcc.731

Martel, J.-L., F.P. Brissette, M. Troin, P. Lucas-Picher, and
R. Arsenault, 2021: Climate change and precipitation IDF
(Intensity, Duration, Frequency) curves: Overview of science
and guidelines for adaptation, ASCE Journal of Hydrological

Engineering, 26(10), 03121001. doi: 10.1061/(ASCE)HE.1943-
5584.0002122

Brisson, E., U. Blahak, P. Lucas-Picher, C. Purr, and B.
Ahrens, 2021: Contrasting lightning projection using the
lightning potential index adapted in a convection-permitting
regional climate model, Climate Dynamics, 57, 2037-2051.
doi: 10.1007/s00382-021-05791-z

Tramblay, Y., A. Ribes, S. Somot, L. Neppel, P. Lucas-
Picher, F. Vinet, and E. Sauquet, 2021: Impacts du

changement climatique sur les pluies intenses et les crues
en méditerannée, La Houille Blanche, 107(1), 1-5. doi:
10.1080/00186368.2021.1912971

Lucas-Picher, P., S. Lachance-Cloutier, R. Arsenault, A.
Poulin, S. Ricard, R. Turcotte, and F. Brissette, 2021: Will
evolving climate conditions increase the risk of floods of
the large U.S.-Canada transboundary Richelieu River basin?,
Journal of the American Water Resources Association, 57,
32-56. doi: 10.1111/1752-1688.12891
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Nuria TEIXIDO
|

Predicting future oceans under climate change (40ceans)

The increasing concentration of atmospheric CO2 is driving changes in
the ocean’s physical and chemical properties, with important conse-
quences for its ecosystems and the critical services they provide to
humans. Projections suggest a sea surface warming of 3.2°C, a decrease
in surface pH of 0.4 units by the end of this century, and an overall
increasein environmentalvariability. The 40ceans-
mopga project seeks to investigate marine
organisms’ physiological, ecological and adaptive
responses to ocean warming and ocean acidifica-
tion. This is key to advancing our understanding
of marine species and ecosystem resilience under
present conditions and future climate scenarios.

One of the major findings is that the Medi-
terranean Sea experienced a series of marine
heatwaves during the period between 2015
and 2019 that affected all regions of the basin,
which resulted in recurrent mass mortality
events of marine species. Some of the most affected species are key
to maintaining the functioning and biodiversity of coastal habitats.
For biodiversity responses to ocean acidification, we analyzed the
ocean chemistry and the coverage of marine species on rocky reefs
at natural CO2 vent systems (where seawater is naturally acidified).

Carbonne C, Teixidé N, Moore B, Mirasole A, Guttierez T,
Gattuso J-P, Comeau S (2021) Two temperate corals are
tolerant to low pH regardless of previous exposure to natu-
ral CO2 vents. Limnology and Oceanography. 9999: 1-16.
https://doi.org/10.1002/In0.11942

Gomez Gras D, Linares C, Lopez-Sanz A, Amate R, Ledoux
J-B, Bensoussan N, Drap P; Bianchimani O, Marschal C, Tor-
rents O, Zuberer F, Cebrian E, Teixido N, Zabala M, Kipson
S, Kersting D, Montero-Serra |, Pagés-Escola M, Medrano

A, Frleta-Valic M, Dimarchopoulou D, L6pez-Sendino P,
Garrabou J (2021) Population collapse of habitat-forming
species in the Mediterranean: a long-term study of gorgo-
nian populations affected by recurrent marine heatwaves.
Proceedings of the Royal Society B 288: 20212384. https://
doi.org/10.1098/rspb.2021.2384

Teixid6 N, Caroselli E, Alliouane S, Ceccarelli C, Comeau S,
Gattuso J-P, Fici P, Micheli F, Mirasole A, Monismith S. G.,
Munari M, Palumbi S. R., Sheets E., Urbini L, De Vittor C,

These unique sites are used as natural analogues to investigate future
oceanacidificationconditions. Combined, thedataset providesnewinsights
into resilience and ecosystem shifts in response to ocean acidification. For
coral tolerance to ocean acidification, we reported unexpected shifts in the
skeletal and growth patterns of corals. The first transcriptome assembly
for this species was also performed. Moreover,
unexpectedly, we witnessed the spawning of the
coral Astroides calycularis in the field. This allowed
us to run experiments on the effects of ocean
warming and acidification on the early life stages
of this species.

We are also studying gene expression as well
as skeletal structure. Finally, 40ceans endeavors
to do science that can contribute to assessing the
potential and capacity of marine macrophytes (e.g.
seagrasses, macroalgae) to act as biogenic refugia
against ocean acidification. To this end, we have
completed fleld surveys to assess the level and potential of pH buffering
of selected macrophytes, which can help to local mitigate ocean acidifica-
tion by short- (e.g. local modification of pH through net photosynthesis)
and long-term (e.g. carbon sequestration) removal of CO2. For more
information: http://4oceansmopga.com

Goffredo S, Gambi MC (2020) Ocean acidification causes
variable trait shifts in a coral species. Global Change Biology
1-18. https://doi.org/10.1111/gcb.15372

Mirasole A, Badalamenti F, Di Franco A, Gambi MC, Teixidé
N (2021) Boosted fish abundance associated with Posidonia
oceanica meadows in temperate shallow CO2 vents.
Science of the Total Environment 771: 145438. https://doi.
org/10.1016/j.scitotenv.2021.145438
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S The Roles of Aerosols in Climate and Environment (EUROACE)
[ -
8 EUROACE project is to advance our understanding about . | R o | ®regon2
v theimpacts of atmospheric aerosols on global and region- sl | B £
& al climate particularly through aerosol-cloud interaction, oo g
with a specific emphasis on the influence of anthropogenic " 4 4 ° 8
. . . . -90 =
aerosols from different sources on precipitation. Using ses L g
. . . R ook s -180 g_
high-resolution regional models, we have demonstrated o = | W 5
that aerosols emitted from frequent biomass burnings in Pl e e noe s i e gl e 9w
Southeast Asia not only cause detrimental haze pollution o oo REE
but also substantially change the strength and distribu- EM E“-"
tion of pre;ipitation. By applying various machine Iga_rning 52: g o2
methods in data analysis, we have also identified a 5 of 5 o
persistent increasing trend of extreme monsoonal rainfall ;g;g-j £,
events over a large part of India in the past century. £.0s £
< <
Our modeling study have also revealed the role of aero- S T TR T R e
sols resulted from massive urbanization in causing such Dt _ | ayd o N r_y] ‘e ber b
an increase. In addition, we have developed a new rain (a) Di erence in accumu ate. precipitation (mm) over the month of September between
formation parameterization for regional models using ma- two model simulations, one included (FIRE) and the other excluded (NOFIRE) aerosols
hine | p lorith d dg I . h'g from fires in Southeast Asian islands. (b-d) Time series of regional mean precipitation
chine learning algorithms, a_n a _eEp earning machine to rate (mm per hour) differences (FIRE - NOFIRE) in 3 different analyzed regions. These
analyze and forgcast certain environmental .and weather results suggest that aerosols emitted from frequent biomass burnings in Southeast Asia
extremes including severe haze events, hailstorms, and can substantially change the strength and distribution of precipitation besides causing
extreme precipitation events during the monsoon season. detrimental haze pollution. (From Takeishi and Wang, 2021).
) Falga, R, and C. Wang, 2022: The rise of Indian summer Wang, C., 2021: Forecasting and identifying the meteoro- Grandey, B. S., and C. Wang, 2019: Background conditions
. monsoon precipitation extremes and its correlation with logical and hydrological conditions favoring the occurrence influence the estimated cloud radiative effects of anthro-
O  long-term changes of climate and anthropogenic factors, of severe hazes in Beijing and Shanghai using deep learn- pogenic aerosol emissions from different source regions, J.
=  Sci. Rep., (2022) 12:11985, doi:10.1038/541598-022-16240-0.  ing, Atmos. Chem. Phys., 21, 13149-13166, doi:10.5194/ Geophys. Res., 124, 2276-2295. doi:10.1029/2018)D029644.
8 Takeishi, A., and C. Wang, 2022: Radiative and microphysical acp-21-13143-2021. Lee, H.-H., Iraqui, O., and C. Wang, 2019: The impacts of
— responses of clouds to an anomalous increase in fire par- Jin, Q., J. Wei, W. K.M. Lau, B. Pu, and C. Wang, 2021: Interac-  future fuel consumption on regional air quality in Southeast
O ticles over the Maritime Continent in 2015, Atmos. Chem. tions of Asian mineral dust with Indian summer monsoon: Asia, Sci. Rep., 9:2648, doi:10.1038/s41598-019-39131-3.
3 Phys., 22,4129-4147, doi:10.5194/acp-22-4129-2022. Recent advances and challenges, Earth-Sci. Reviews, 215,
[an 103562, doi:10.1016/j.earscirev.2021.103562.
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des Systemes Atmosphériques (LISA), Créteil, France

Atmospheric Chemistry of the Suburban Forest (ACROSS)

The central component of ACROSS is a comprehensive summertime
field study with many instruments for the measurement of
primary and secondary constituents. Measurements will be
made from research aircraft, a tower located in a forest, tethered
balloons and/or drones, and mobile platforms. Observations
from the field study will be analyzed in a variety of ways involving
statistical approaches and comparisons with different types of
numerical models.

The results of the campaign will be widely disseminated through
presentations and peer-reviewed publications. Significant broader
impacts are expected including training of students, public out-
reach, and providing useful information to policymakers. The
ACROSS observations are expected to provide a unique dataset
that will improve understanding of fundamental processes and
that can be used to improve model representations of processes

PEGASUS Univ of Paris

Safire — ATR-432

o

N-S Distance from Central Paris, km

that are operative in these environments. 5k - | ] - e,
. . . . ¢ B Rambouillet supersile R, - W0

The campaign validated our experimental design to make - TN e
measurements inside and outside of the Paris pollution plume e

. . . . . Lpfk sdtechd . Univ Orléans - Voltaire
with the aircraft and ground sites. The plume clearly dilutes into 23;’2;&%“‘
background air while undergoing chemical oxidation process- sl g 1
es. Since the campaign was just completed in July 2022, detailed e el

50 100

analysis will need to wait for submittal of final data and use of
models and statistical methods to interpret the observations.

E-W Distance from Central Paris, km

Cantrell, C. A. and V. Michoud, An Experiment to Study Atmospheric Oxidation Chemistry Cantrell, C. A., ACROSS: A mission to explore the atmospheric transformation of chemical
and Physics of Mixed Anthropogenic-Biogenic Air Masses in the Greater Paris Area, compounds in mixed anthropogenic-biogenic environments, https://www?7.obs-mip.fr/
Bulletin of the American Meteorological Society, 103(8), https://doi.org/10.1175/BAMS- wp-content-aeris/uploads/sites/99/2022/04/ACROSS-White-Paper-2020-v-7_2.pdf, 2020.
D-21-0115.1, 2022.
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Alessandra GIANNINI

PROcess-based Diagnostics of Uncertainty

Home institution Columbia University, USA
Host institution Laboratoire de Météorologie Dynamique, Paris, France

in Climate change projections in the Tropics (PRODUCT)

In the tropics, climatic impact - e.g., on agriculture, water resources and
public health - is driven by variation in precipitation more than in temper-
ature. Indeed, our own analysis of the relationship between food security
and precipitation in Senegal reveals the effect of widespread drought
(Ilboudo Nébié et al. 2021), highlighting the sensitivity of farming house-
holds to climate (Giannini et al. 2021).

Yet, it is precisely in these tropical regions that future precipitation
outcome appears most uncertain. In this project we opportunistically
undertook the analysis of multi-model ensembles, whether simulating
the historical past, predicting seasonal to interannual fluctuations or
projecting future change in Sahel rainfall, to advance process-based
understanding of variability and change in precipitation.

These analyses not only validate the progress made in model simulations
of relevant processes (Giannini et al. 2020). They also test the robustness
and limitations of an interpretation (Giannini et al. 2013, in Environmental
Research Letters) which seeks to establish oceanic influence as the primary
driver of Sahel rainfall, regardless of whether the surface temperature
of the oceans varies naturally or changes under the influence of human
emissions of aerosols and greenhouse gases (Herman et al. 2020).

From figure 2 in
Giannini et al.
(2020, in Geophys.
Res. Lett.): the
performance

of the North
American multi-
model ensemble
in predicting
Sahel-wide rainfall
(the average over
10-20°N and
20°W-40°E) during
the July-Septem-
ber rainy season.

f
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The black line represents anomalies, positive if above, and negative if below
the long-term mean. The color lines represent anomalies as predicted as early
as January, in red, and as late as June, in blue. Overall, the skill is comparable,
highlighting the improvement in the coupled ocean-atmosphere models used
for seasonal prediction in the past ~10 years, and attesting to the potential
value of seasonal prediction in managing food security at the regional scale.

Giannini, A., A. Ali, C. P. Kelley, B. L. Lamptey, B. Minoungou
and O. Ndiaye, 2020. Advances in the lead time of predic-
tion of Sahel rainfall with the North American Multi-Model
Ensemble. Geophys. Res. Lett., 47, e2020GL087341, https://
doi.org/10.1029/2020GL087341

Herman, R. J., A. Giannini, M. Biasutti and Y. Kushnir, 2020.
The effects of anthropogenic and volcanic aerosols and

greenhouse gases on 20th century Sahel precipitation. Sci-
entific Reports, 10, 12203, https://doi.org/10.1038/s41598-
020-68356-w

llboudo Nébié, E. K., D. Ba and A. Giannini, 2021. Food
security and climate shocks in Senegal: Who and where are
the most vulnerable households? Global Food Security, 29,
100513, https://doi.org/10.1016/j.gfs.2021.100513

Giannini, A., E. K. lboudo Nébié, D. Ba and O. Ndiaye, 2021.
Livelihood strategies shape vulnerability of households’
food security to climate in Senegal. Frontiers in Climate, 3,
731036, “(10 Years) Water- Energy-Food Nexus: Impact of
Climate Variability and Change on the Water-Energy-Food
Nexus”, doi:10.3389/fclim.2021.731036.



Amir H. HOVEYDA .
Home institution Boston College, USA _

Host institution Institut de Science et d'Ingenierie Supramoléculaire,
Strasbourg, France

Multi-Catalyst Systems for Energy Efficient Chemical Synthesis (PRACTACAL)

Catalysis is crucial to basic and applied chemistry; it is the key to minimization
of energy usage. Catalysis and its implementation in large chemical companies
can contribute significantly to sustainable development. Our aim is to design and
develop new catalysts and catalytic methods for chemical synthesis, combining
them for maximum effect. The following key advances were achieved as a result of
MOPGA funding:

1. Aprotecting group-free and diastereo- and enantioselective routes for accessing
a many Z-homoallylic alcohols was developed. The utility of the approach was
demonstrated by a succinct and practical total synthesis of mycothiazole, an
anticancer agent. This advance will facilitate producing anti-cancer compounds
with generation of minimal chemical waste.

2. The first strategy for catalytic cross-metathesis involving two allenes was
developed. Allenes are crucial in drug discovery, as they can serve as versatile
substrates for a wide range of reactions. Moreover, allenes are central moieties
in a large number of important bioactive compounds. This advance will provide
access to many new allenes at little or no cost to the environment.
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“A Catalytic Approach for Enantioselective Synthesis “Cross-Metathesis of Allenes. Mechanistic Analysis
of Homoallylic Alcohols Bearing a Z-Alkenyl Chloride and Identification of a Ru-CAAC as the Most Effective
or Trifluoromethyl Group. A Concise and Protecting Catalyst,” S. A. Gonsales, Z. C. Mueller, F. Zhao, P. H.
Group-Free Synthesis of Mycothiazole,” R. J. Morri- S. Paioti, L. Kazamarin, J. Wan, F. Liu, K. N. Houk, A. H.
son, F. W. van der Mei, F. Romiti, A. H. Hoveyda, J. Am.  Hoveyda, J. Am. Chem. Soc. 2021, 143, 20640.

Chem. Soc. 2020, 142, 436.
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Urban emissions of Greenhouse
Gases (GHG) represent currently
about 70% of the global emis-
sions and could increase rapidly
as large metropolitan areas are
projected to grow twice as fast
as the world population in the

coming 15 years. Monitoring

these emissions will require the
use of independent approaches
toimplement transparent regula-
tion policies. The deployment of
atmospheric GHG sensors across
few metropolitan areas combined
withmeteorologicalmodelsoffers
aunique solution to quantify GHG
emissions rapidly and at high
resolutions.

Thomas LAUVAUX

Home institution Pennsylvania State University, USA
Host institution Laboratoire des Sciences du Climat

30

et de I'Environnement (LSCE), Saclay, France

economies and demographics.
The first objective of the project
is to quantify urban GHG emis-
sions by utilizing atmospheric
GHG data and aerosols with
socio-economic information into
asingle data assimilation system.
In the second objective, we pro-
pose to advance significantly the
capability of current assimila-
tions systems by implementing
the next generation of meteoro-
logical models for urban applica-
tions.

Longitude ' Our novel approach will use

Vulcan emissions (kt C) Avsolute diff. (%) G0N an Adaptive Mesh Refinement

s 10 O 100 () 1,00 O 10,000 g & & atmospheric model to simulate
K N

GHG mixing ratios over the entire

Building upon existing measurement networks and satellite globe at coarse resolution (few degrees) while zooming on specific
missions, the CIUDAD project will construct an adaptive assimilation cities at high resolution (about 1km) without any discontinuities in the
system able to produce GHG emissions for each sector of the economy atmospheric flow. The adaptive system will integrate urban deploy-
over multiple cities. The project will focus on Paris, Mexico City, ments into broader observing networks to produce national-scale
Indianapolis and Los Angeles, four urban environments with varied GHG emission assessments.

Lei, R, Feng, S. and Lauvaux, T. (2020). Country-scale Gurney, K.R., Liang, J., Roest, G., Lauvaux T. et al (2021). Lauvaux T., Gurney K.R, Miles N.L., Davis K et al (2020).
trends in air pollution and fossil fuel CO2 emissions during Under-reporting of greenhouse gas emissions in U.S. cities. Policy-Relevant Assessment of Urban CO2 Emissions. Envi-
2001-2018: confronting the roles of national policies and Nat Commun 12, 553 . https://doi.org/10.1038/s41467-020-  ronmental Science & Technology 2020 54 (16), 10237-10245
economic growth. Environmental Research Letters 16. doi: 20871-0 DOI: 10.1021/acs.est.0c00343

http://dx.doi.org/10.1088/1748-9326/abc9e1
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Home institution University of Wisconsin, Madison, USA
Host institution Marine Biodiversity Exploitation and Conservation (MARBECQ),
Université de Montpellier, France

Carol E. LEE (e ——
S

Rapid Evolutionary Responses to Climate Change

Climate change threatens biodiversity and ecosystem integrity of the
oceans. In particular, salinity is declining rapidly and dramatically in
many high latitude coastal regions due to increased precipitation and
ice melt, while temperatures are rising. Such coupled changes will likely
have severe detrimental impacts on organismal physiology, population
growth, and production. Evolutionary responses are critical to avoid
extinction when environmental stressors exceed physiological thresh-
olds. However, no study has explored evolutionary responses to the
combined effects of salinity and temperature. Thus, the goal here is to
address the questions: 1/ To what extent could populations evolve in
response to changes in salinity, temperature, and their interactions?
2/ How will physiological limits and evolutionary potential of populations
impact range shifts and future probabilities of local extinctions?

We will address these questions by exploring (1) physiological limits of
wild populations, (2) constraints on physiological evolution in laboratory
selection experiments, and (3) future range shifts and probability of
extinctions in response to climate change, by including data on physio-
logical limits (#1) and evolutionary potential (#2) into mechanistic models.
Evolutionary information is necessary to make climate change models
predictive. This study is transformative in injecting evolutionary data into
predictive models of climate change impacts, in order to make accurate
predictions on limits to future range shifts and probability of extinctions.
Such insights are critical for projecting the future sustainability of
ecosystem integrity of the planet.

Pawar, R. C., Kang, S., Han, H., Choi, H. and Lee, C. E. (2019). In situ reduction and exfoliation
of g-C3N4 nanosheets with copious active sites via a thermal approach for effective water
splitting. Catalysis Science & Technology 9, 1004-1012. doi: http://dx.doi.org/10.
039/C8CY02318B
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Stern, D.B., Anderson, N.W., Diaz, J.A., Lee C.E. (2022). Genome-wide signatures of syner-
gistic epistasis during parallel adaptation in a Baltic Sea copepod. Nat Commun 13, 4024.
https://doi.org/10.1038/s41467-022-31622-8
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Moulis, France

Climate Change Impacts on SpecieS (CCISS)

More than a decade has passed since it became clear that anthropogenic
warming was driving observed changes in wild species. My group’s recent
work has concentrated on improving understanding and future projections
of responses to climate change by wild species in their timing and their
geographic ranges. My strength is in linking impacts of climatic trends and
extreme climate events on ecological, evolutionary and behavioral processes
at the population level to patterns of biodiversity change at the global level.
This research will continue into two new areas: (a) Impacts of societal
importance: changes in human disease risk as a consequence of range
shifts of disease organisms, their wild vectors and reservoirs; (b) Impacts
in high-risk habitats: assessing climate change risks for species inhabiting
montane and boreal regions, under-studied but vulnerable systems.

Tackling impacts of global climate change at the population level also
provides an appropriate platform for exploring uncertainty in future impacts,
and incorporating that uncertainty into conservation planning for the coming
century. | will use techniques from economic modeling to incorporate
Robust Decision-Making (RDM) theory into conservation planning. RDM
uses scenario modeling to provide a range of possible futures that accom-
modate uncertainties in what the future climate may be and how species
may respond. RDM algorithms then allow us to select actions that could be
taken now that lead to the highest probability of a positive outcome across
all possible futures. Such an action is, then, “robust” to those uncertainties.

Parmesan C., Singer M.(2022). Mosaics of cli-
matic stress across species’ ranges: tradeoffs
cause adaptive evolution tolimits of climatic

tolerance. Phil. Trans. R. Soc. B377: 20210003.

https://doi.org/10.1098/rstb.2021.0003

Singer M., Parmesan C. (2021). Colonizations
cause diversification of host preferences: A
mechanism explaining increased generaliza-
tion at range boundaries expanding under

climate change. Global Change Biology, Wiley,
27 (15), pp.3505-3518. (10.1111/gcb.15656).
(hal-03589715)

Barragan-jason G., de Mazancourt C., Par-
mesan C., et al. (in press). Human-nature
connectedness as a pathway to sustainability:
A global meta-analysis. Conservation Letters,
Wiley, pp.e12852. (10.1111/conl.12852).
(hal-03546699)

Egg placement in a
Pedicularis-feeding
population at Rabbit
Meadow.

(a) A natural

clutch of E. editha eggs
on P. Semibarbata at
Rabbit Meadow on July 25,
2019, adjacent to grazed
leaves.

(b) A Rabbit Meadow
butterfly, numbered ‘6’
with a purple permanent
marker, showing positive
geotaxis by placing

her eggsat the base of

a Pedicularis.
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Delphine RENARD
Home institution University of California, USA _

Host institution Centre d'écologie fonctionnelle et évolutive,
Montpellier, France

AgrobiodiverSity for a food-Secure planET (ASSET)

w
o
1]

Ensuringfood security under a changing climate isamong societys greatest
challenges. Rising temperatures, heat waves and droughts have caused
crop failures, reduced potential yields, and driven instability in global
food markets. Climatic projections suggest that these impacts and their 4
associated human costs of poverty, malnutrition, and political unrest

will worsen. Research on solutions to develop robust food systems is

therefore urgently needed.

/ 20 . 20 /
ASSET will evaluate the potential effectiveness of a novel agrobiodiversity- | |

based strategy. Evidence suggests that increased agrobiodiversity reduces B il | PlA ey R
climatic risks to food production, but how to leverage such benefits remains d e f
largely unknown. ASSET will fill this critical gap by providing regionally-
specific knowledge on (1) the spatial scale(s), (2) the combinations of crops,
and (3) the existing practices adopted by farmers that promote the yield
stabilizing effect of agrobiodiversity against climatic variability. We will combine
statistical analyses of existing long-term datasets across Europe, the Mediter-
ranean and Sub-Saharan Africa with mathematical simulations and ethno-

biological fieldwork in three case studies (France, Morocco and Senegal).
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By placing farmers at the center of our approach, ASSET will yield trans- Y e medisiheiy e etaiiy Vi T "
formational insights into the design and implementation of diversified
agricultural systems that provide agronomic benefits while being feasible
for and desirable to farmers. ASSET will thus help strengthen societies Main determinants of national caloric yield stability a-f, Magnitude of the
capacities to face climate change, contributing to meeting the objectives of change in national yield stability as dependent on effective crop group

diversity (a) and effective species diversity (d), precipitation instability
(b, e) and irrigation (c, f). a-c, Values of national yield stability are pre-
dictions from the multiple regression model using effective crop group
diversity (Extended Data Table 2a). d-f, Values of national yield stability

the Paris COP 21, implementing multiple Sustainable Development Goals,
and ensuring a food-secure future for all.

Renard, D. and Tilman, D. (2019). National Labeyrie V., Renard D., Aumeeruddy-Thomas e ) ’ ) :

food production stabilized by crop diver- Y., Benyei P. et al. (2021). The role of crop di- are predictions from the multiple regression model using effective crop
sity. Nature 571, 257-+. doi: http://dx.doi. versity in climate change adaptation: insights species diversity (Extended Data Table 2b). Predicted values were back-
0rg/10.1038/s41586-019-1316-y from local observations to inform decision transformed from log-transformation, calculated using the observed range
Mahaut L., Pironon S., Barnagaud J., Renard making in agriculture. Current Opinion in En- of the three predictors and keeping all the other predictors at their mean

vironmental Sustainability. 15-23. 10.1016/j.

D. et al. (2021). Global mismatches between cosust.2021.01.006.

crop distributions and climate suitability.
10.21203/rs.3.rs-376249/v1. (pre-print)

values. The grey bands represent the regression 95% confidence interval.
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Home institution Université de Montréal, Canada
Host institution Centre population et développement, Paris, France

\‘ Valéry RIDDE (.
N

Climate Change, Migrations and Health Systems Resilience in Haiti and Bangladesh (CLIMHB)

Migrations have reached globally an unprecedented scale and represent
major challenges for societies and health systems to guarantee access
to healthcare of the most vulnerable. Climate change, by increasing the
intensity of natural disasters and catalyzing environmental degradation,
leads to questioning the nature and extent of these ongoing mobility
trends. It is the case in Bangladesh and in Haiti where, respectively, 400
000 and 100 000 people move every year from rural areas towards their
respective capitals (Dhaka and Port-au-Prince).

The capacity of health systems to meet the health needs of displaced
persons in their country of origin, or ‘climate refugees’ in the countries
where they migrate temporally or definitely, has so far not received
much attention from research. Neither have the resilience and the
capacity of adaptation of health systems and professionals in relation
to increased migrations. Also lacking is research on migrant strategies
to access healthcare services. Empirical studies will be conducted using
mixed methods in Haiti and Bangladesh to better understand links
between climate change, migrations and health system. Deliberative
workshops will be organized and notes of policies will be broadcast to
decision-makers and representatives of civil and international organiza-
tions (IOM, PAHO, WHO). It will be for IRD to collaborate with researchers
of Bangladesh and Haiti, to integrate several disciplinary fields (Health,
Migration and Climate Change Studies) and various institutions in
France and abroad (Germany, Canada, USA).

Ridde, V., Benmarhnia, T., Bonnet, E., Bottger, C., Cloos, P., Dagenais, C., De Allegri, M.,
Nebot, A., Queuille, L. and Sarker, M. (2019). Climate change, migration and health sys-
tems resilience: Need for interdisciplinary research. F1000Research 8. doi: http://dx.doi.
org/10.12688/f1000research.17559.2
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Clech L., Meister S., Belloiseau M., Ridde V.,et al. Healthcare system resilience in Bangladesh
and Haiti in times of global changes (climate-related events, migration and Covid-19): an
interdisciplinary mixed method research protocol. BMC Health Serv Res 22, 340 (2022).
https://doi.org/10.1186/s12913-021-07294-3



Research

Publications

Make Air Quality Great Again (MAQGA)

Air pollution is the largest environmental health risk, causing millions
of premature deaths each year worldwide. Monitoring infrastructure
is critical to managing and improving air quality. But global inequality
in funding means that while cities like Pittsburgh, PA, USA and Paris,
France have several reference EPA- or TUV-certified monitors, major
African cities like Nairobi, Accra, Abidjan, and Kigali did not have any
reference monitors till recently. The Make Our Planet Great Again
(MOPGA) project ‘Make Air Quality Great Again’, in collaboration with
African, American, and Australian partners, has established Africa
qualité de l'air (AfrigAir, http://www.afrigair.org/), a transcontinental
hybrid network of low-cost sensor nodes and reference monitors to fill
in these data gaps.

Careful characterization of the low-cost sensors is essential, usually
by collocation with a reference monitor. We can improve our knowl-
edge of air pollution across under-monitored cities by combining
ground sensors with satellite data. We find that car-free Sundays in
Kigali, Rwanda can improve air quality as local sources include traffic
and domestic cooking contribute as much as 50% of ambient PM2.5
in the wet seasons. We are simulating air pollution over East Africa
using the French CHIMERE model, which will be used to evaluate
future mitigation scenarios and recommend policy changes.

Giordano, Michael R., Carl Malings, Spyros N. Pandis, Albert
A. Presto, V. F. McNeill, Daniel M. Westervelt, Matthias
Beekmann, and R. Subramanian. 2021. “From Low-Cost
Sensors to High-Quality Data: A Summary of Challenges
and Best Practices for Effectively Calibrating Low-Cost
Particulate Matter Mass Sensors.” Journal of Aerosol Sci-
ence 158 (November): 105833. https://doi.org/10.1016/j.
jaerosci.2021.105833.

Malings, Carl, Daniel M. Westervelt, Aliaksei Hauryliuk, Albert A.
Presto, Andrew Grieshop, Ashley Bittner, Matthias Beekmann,

Home institution Carnegie Mellon University, USA
Host institution Observatoires des Sciences de I'Univers - Enveloppes Fluides
de la Ville a I'Exobiologie (OSU-EFLUVE) / Laboratoire Interuniversitaire
des Systemes Atmosphériques, Créteil, France

Estimated annual
average PM2.5
concentration
versus the density
of regulatory-grade
monitoring stations
across several
global regions
Colors correspond
to continents, and
sizes roughly
correspond to total
regional population.
This graphic is based
on information
available from

the Global Health
Observatory

(WHO, 2017).

and R. Subramanian. 2020. “Application of Low-Cost Fine
Particulate Mass Monitors to Convert Satellite Aerosol
Optical Depth to Surface Concentrations in North America
and Africa.” Atmospheric Measurement Techniques 13 (7):
3873-92. https://doi.org/10.5194/amt-13-3873-2020.

McFarlane, Celeste, Paulson Kasereka Isevulambire, Raymond
Sinsi Lumbuenamo, Arnold Murphy Elouma Ndinga, Ranil
Dhammapala, Xiaomeng Jin, V. Faye McNeill, Carl Malings,
R. Subramanian, and Daniel M. Westervelt. 2021. “First

Measurements of Ambient PM2.5 in Kinshasa, Democratic

PM2 5 annual average concentration [1.g m'3]
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Republic of Congo and Brazzaville, Republic of Congo
Using Field-Calibrated Low-Cost Sensors.” Aerosol and Air

Quality Research 21 (7): 200619. https://doi.org/10.4209/

aaqr.200619.

Subramanian, R., Abdou Safari Kagabo, Valérien Baharane,
Sandrine Guhirwa, Claver Sindayigaya, Carl Malings, Nathan
J. Williams, et al. 2020. “Air Pollution in Kigali, Rwanda:
Spatial and Temporal Variability, Source Contributions, and
the Impact of Car-Free Sundays.” Clean Air Journal 30 (2).
https://doi.org/10.17159/caj/2020/30/2.8023.
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Home institution Institute of Soil Science and Plant Cultivation, Poland
Host institution Toulouse Biotechnology Institute (TBI), Toulouse, France
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Carbon management towards low fossil carbon use (CambioSCOP)

Bioeconomy, i.e. the use of biogenic
carbon for products and services where
fossil carbon is used today, involves
tapping into the potential of renewable
biological ressources and the limited
land available to grow these. Yet, it is
seen as essential to induce net carbon
dioxide removal, needed to limit global
mean temperature rises to below 1.5°C
relative to pre-industrial levels.

This proposal endeavors to build geo-
localized, time- dependent and sustain-
able strategies for the development of
bioeconomy in France, identifying synergies between supplying future
demands for food, renewable energy, fossil-free materials & chemicals
and waste management. It targets residual biomass streams as well as
terrestrial biomass species acting as bio- pumps, i.e. allowing for a net
transfer of carbon towards the soil carbon pool. | propose a spatially-
explicit approach combining consequential Life Cycle Assessment,
Energy System Analysis, Process Engineering and Sustainability
Economics to determine where, when and in which technologies
investments should be made. The bioeconomy strategies proposed
will investigate two main pillars.

Teigiserova, D. A., Hamelin, L. and Thomsen, M. (2020). Towards transparent valorization
of food surplus, waste and loss: Clarifying definitions, food waste hierarchy, and role

in the circular economy. Science of The Total Environment 706, 136033. doi:
https://doi.org/10.1016/j.scitotenv.2019.136033

Hamelin, L., Borzecka, M., Kozak, M. and Pudelko, R (2019). A spatial approach to bioecon-
omy: Quantifying the residual biomass potential in the EU-27. Renewable and Sustainable

Theerstical potential from total biomass, per unit area

The firstis around carbon farming and
the possibility to enhance the potential
of the resilient soil organic pool as a net
carbon sink, among others through bio-
pump species and through determining
geo-localized thresholds for the harvest
of agricultural residues.

The second pillar focuses on the supply
chain and proposes to assess the envi-
ronmental performance of 300 conver-
sion pathways diverting the biomass
from its original use to produce a vari-
ety of innovative bioeconomy products
(liquid hydrocarbons, proteins, bio-based materials, non-fossil methane gas,
etc.) Through these pillars, cutting-edge methodological developments will
be performed. This will translate into time-dependant inventories allowing
to reflect the fate of carbon, nitrogen and phosphorus flows in the studied
pathways and to quantify the advantage of keeping carbon in the techno-
sphereaslongas possible. Itwill further translate into advanced assessment
models integrating life cycle assessment and economic sustainability. As a
result of this 5-y project, tailored and quantified cost- and environmentally-
efficient strategies towards the long-term development of France's bio-
economy will be proposed to French policy makers and stakeholders.

Energy Reviews 100, 127-142. doi: https://doi.org/10.1016/j.rser.2018.10.017

Hamelin, L., Mgller, H. B. and Jergensen, U. (2021). Harnessing the full potential of bio-
methane towards tomorrow's bioeconomy: A national case study coupling sustainable
agricultural intensification, emerging biogas technologies and energy system analysis.
Renewable and Sustainable Energy Reviews 138, 110506. doi: https://doi.org/10.1016/j.
rser.2020.110506
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Home institution National Renewable Energy Laboratory (NREL), USA
Host institution Institut Photovoltaique d'lle de France (IPVF),
Palaiseau, France

Interfaces and Hybrid Materials for Photovoltaics (InHyMat-PV)

In order for photovoltaics (PV), i.e. the direct conversion of sun light
into electricity, to reach terawatt levels as is required for the massive
decarbonization of the energy economy, research roadmaps have
been drafted, comprising highly efficient, low-cost modules to be
realized on an aggressive time scale.

This goal can be reached by the implementation of novel materials
that go one step beyond the physical limits of our current silicon-
based technology. In the InHyMat-PV research project we explore the
fundamental properties of energy materials that can be manufactured
inexpensively at high volume, and that are highly efficient and stable.
Absorber materials based on the emerging class of hybrid organic
metal halide perovskites are on a route to fulfill these needs. Yet, main
performance loss mechanisms are linked to improperly designed
interfaces in the device.

The research activities of the project are centered on unravelling the
effect of interface design on device functionality by a dedicated and
integrated film processing and characterization approach. By combin-
ing materials discovery and methods development, we pave the way
for the next generation of PV modules.
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