iaati - . AP ,
gD~ |Investigating two major unknowns in caag Ny

the climate equation
S. Speich (LMD-IPSL) for the EUREC4A-OA Pis — http://eurec4a-oa.eu

Among many others, 2 factors are major in regulating the warming of our
climate linked with the increase of GHGs in the atmosphere:

 The reaction of clouds to warming

* The absorption of heat and CO2 by the ocean and how they are
transferred back to the atmosphere
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Earth’s surface Temperature Anomalies & CO2

Global atmospheric carbon dioxide and surface temperature (1880-2020)
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Earth’s surface Temperature Anomalies & CO2

Global temperature variations over last 2000 years

(using information derived from tree rings and other 'proxies’)
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Invention of

Graphic: @ed_hawkins @ed_h a W ki ] S steam engine

Data: PAGES2k (2019)

https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC_AR6_WGI_SPM.pdf




The Solar Radiation is transformed at the
Earth surface in infrared radiation (heat)

Without atmospheric Green House gases

18°C S

With atmospheric Green House gases

+15°C \,




All is about ENERGY

The Sun provides the ENERGY to the Earth Climate System
The Sun energy is mostly in the VISIBLE part of the radiation spectrum
The Atmosphere is mostly TRANSPARENT to solar radiation

The Sun energy that reaches the Earth is transformed at the surface of the
planet in “HEAT" (that is INFRARED radiation)

Such HEAT is radiated back to the atmosphere

The Greenhouse gases retain part of the HEAT (infrared radiation). They absorb
it and radiate it back to the Earth’ surface and to space

This explains why the Earth surface temperature is about 15°C



Uneven solar radiation distribution on Earth

Mean Annual Global Insolation

Top of atmosphere net solar radiation.
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ENERGY ON EARTH & ATMOSPHERIC CIRCULATION

Radiative Earth
Energy Budget
(sum of components)

Energy Budget

Surplus
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The latitudinal Energy
imbalance induces a

transport of energy This is the driver of the general circulation
from the Equator of the atmosphere and the ocean
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the lower atmosphere Energy Transport
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S currents and Sea Surface Temperature (SST)
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The Earth Climate System

« A complex system

« Continuous

Interactions across
subsystems




The atmospheric circulation




Ocean surface currents and Sea Surface Temperature (SST
Merging satellite data and numerical models

https://svs.gsfc.nasa.gov/3912




Temperature Anomaly w.r.t. 1951-80 (°C)

Surface Temperature : Land air vs Sea surface
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Thermal capacity of water

Global Calculation of all air and ocean mass
Energy content in Joules/Degree Kelvin

5.6x1024

Specific Heat
Jkg K"

Air (dry) gas 1005
Air(satured in

water vapor) 9as = 0y
Nitrogen solid 897
Nitrogen gas 1042
Copper solid 385
Diamond solid 502
gas 1850

WATER liquid 4185
solid (0° C) 2060

Wet mud solid+liquide 2512
Iron solid 444

Graphite solid 720




The Ocean : The anthropogenic heat repository

Changes in the ocean thermal energy (Heat Content)

Earth climate energy surplus sinks
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Sep 05, 2022

OCéan et COZ August 2022: 417.19 ppm

Augmentation de CO2:

Continents
31%

Atmosphere
46%

Friedglistein et al. 2020

August 2021.: 414.47 ppm

CO, Time Series in the North Pacific
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Data: Mauna Loa (ftp://aftp.cmdl.noaa.gov/products/trends/co2/co2_mm_mlo.txt) ALOHA (http://hahana.soest. hawaii.edu/hot/hot-dogs/bextraction.html)
ALOHA pH & pCO, are calculated at in-situ temperature from DIC & TA (measured from samples collected on Hawaii Ocean Times-series (HOT) cruises)
using co2sys (Pelletier, v25b06) with constants: Lueker et al. 2000, KSO4: Dickson, Total boron: Lee et al. 2010, & KF: seacarb






Earth surface temperature anomaly
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Earth surface temperature anomaly
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Global Mean Temperature Anomaly and Uncertainty (°C)

Based on Berkeley Earth's estimates of the global annual average temperature increase relative to 1850-1900.
Each year's individual uncertainty is shown, but does not include the systematic uncertainty in the baseline.

http://berkeleyearth.org



Earth surface temperature anomaly

i W,

Relative to 1951-1980 Averages _ www.BerkeleyEarth.org
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Temperature (°C)

11

Daily Surface Temperature (seasonal cycle) : Land air vs Sea surface

Land Surface temperature, Daily data, seasonal cycle

Daily Surface Air Temperature, World (90°S-90°N, 0-360°E)

Dataset: ECMWF Reanalysis v5 (ERAS) downloaded from C3S | Image Credit: ClimateReanalyzer.org, Climate Change Institute, University of Maine
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Sea Surface temperature, Daily data, seasonal cycle

Daily Sea Surface Temperature, World (60°S-60°N, 0-360°E)

Dataset: NOAA OISST V2.1 | Image Credit: ClimateReanalyzer.org, Climate Change Institute, University of Maine
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El Nino — La Nina

1 1 1 1

ENSO Region Variations

Warmth typical of El Nino

e |

1

Cooling typical of La Nina

Difference of Nino3.4 Region (55-5N, 170-120W) temperature anomalies
from ocean average anomalies with a three month moving average applied
I | |

1950 1960 1970 1980 1990 2000 2010 2020

http://berkeleyearth.org

Temperature Difference (° C)



The Marine Heat Waves
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global average near-surface air temperature (°C)

The latest climate projections (CMIP6, AR6 IPCC)

CMIP6 annual global average temperature (1850-2100)
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https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC_AR6_WGI_SPM.pdf



The Earth Climate System is an extremely complex system with energy
exchanges implying physical, chemical, and biological processes evolving
continuously over a very wide spatio-temporal spectrum

Clouds 5 S Evaporation
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Walﬂ' ,‘\)
A7 storage in ice S
" and snow o
. Heat exchange between
: JlS g atmosphere, sea-ice
- and ocean 2
<’ Evapotranspiration t cier meit

TR S

Exchange of
Detween tf

-

- River discharge ‘ QOcean
Geound water flaw ~. - ———— circulation

https://wmo.int/
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How do we, cwate scientists, progress ?
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An ambitious project:

EUREC*A-ATOMIC
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Driftors & underwater ghiders

Saildrones




Improving the understanding of cloud cycles

Side view (looking North):
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Turbulent fluxes at the ocean surface

Picolo Ocarina

Mat flux - ondes ‘§ .Gélk formula



Ocean and atmospheric boundary layers R pT——
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Marine boundary layer clouds at the heart of tropical cloud

FUREC?A T 50W feedback uncertainties in climate models
T 25N
4‘?.-“\"2\_7‘:‘;., North Atlantic Sandrine Bony g% Jean-Louis Dufresne,
S Ca?‘bb:e:an R / First published: 26 October 2005 | https://doi.org/10.1029/2005GL023851 | Citations: 852
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AR[ICLE 2 JANUARY 2014 | VOL 505 | NATURE | 37

Spread in model climate sensitivity
traced to atmospheric convective mixing

Steven C. Sherwood', Sandrine Bony® & Jean-Louis Dufresne’

Barbados
in winter (Jan-Feb)
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SN High climate sensitivity models predict a
| RPN dessication of clouds at their base, that depends
: ' on the strength of vertical mixing in the lower

scaled frade cumulus feedback ' o ¥ troposphere ( t al. 2016)
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ALIAS 355 nm lidar (Chazette et al., 2020)

Relative humidity, saturation deficit Vertical motions

M=F+ W
<2
v 4

& ~
h td

a Dynamical
M control of clouds
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Thermodynamical
control of clouds

BASTA 94GHz Doppler cloud radar (Delanoé et al., 2016)

EUREC4A observations do not support the mixing-
dessication mechanism at work in a number of

models

EUREC4A observations suggest that trade-wind
clouds are more dynamically controlled by convective
and mesoscale motions than thermodynamically
controlled by humidity variations




Very high-resolution sampling led to new insights on the mesoscale

N1 AL AL
oo oV, (0474
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We were able to explain what
makes ocean eddy long-lived
coherent structure

Barabinot et al., 2024



The ocean small-scale & CO2 Air-Sea exchanges

Ocean small-scale matters & fluxes are intenser than climatology

February air-sea COz2 flux climatology
(Landschutzer et al., 2020)
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Integrated operational approaches
based on science

Develop fit-for-purpose integrated ocean systems delivering the needed information
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1 A highly dynamic region with contrasting surface properties
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Freshwater plume:
~ 120-km wide
MLD ~ 20 m, SSS down to 30 pss

After 14 days : an extent of 100,000

km?2
Reverdin et al. 2021

NBC rings :
A1 shed in late December, rather old

A2 shed during the cruise (early February)

Filaments :

Shelf waters & freshwater plume
stirred by mesoscale eddies

O(1-10 km)

Strong surface
thermohaline gradients
occur at all scales, in
particular close to the
freshwater plume

Coadou et al., in review



Ocean surface currents and Sea Surface Temperature (SST)
Zoom on the GULF STREAM

https://svs.gsfc.nasa.gov/3912



