Institut
Pierre

Simon
Laplace MBA( PARIS

Influence of solarvarlablllty on
terrestrial atmosphere through
stratosphere

Sandrine Lefebvre, IPSL/LATMOS

Email : sandrine.lefebvre@latmos.ipsl.fr

Collaborators:

IPSL/LATMOS: Marion Marchand, Slimane Bekki, David Cugnet,
Philippe Keckhut, Franck Lefevre, Alain Hauchecorne, Gérard
Thuillier

IPSL/LMD: Chantal Claud, Frangois Lott

Roscoff School — 4-7 april 2011




Summary

Introduction

The solar variability

Some words about the Earth's atmosphere
Simulations and results




Introduction

* Understanding and quantifying the natural variability of
climate on decadal and centennial scales Is a necessary
condition to predict future climatic changes.

* The question of the influence of solar activity comes
back regularly in the debate of climatic changes.

* Correlations between solar variability proxies (TSI,
Lycier Neunspor [1SOtOpPES],...) and atmospheric variables

(T, large scale C|rculat|on cloud cover...) [Hoyt & Schatten
(1997), Gleisner & Thejll (2003), Lohman et al. (2004)]

— GIEC -> strong positive feedback
— Amplification mechanism unsolved
— No general consensus




The solar variabllity
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A changing solar surface
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The 11-year cycle

* Periodicity of sunspot emergence
— Every 11 years on average
— Duration between 8 and 13 years and variable amplitude
— Schwabe cycle (Heinrich Schwabe : 1789-1875)

— In fact, magnetic cycle of about 22 years = Schwabe cycle :
duration for pole polarity coming back to its initial state
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Variation of the solar irradiance

: Ultraviolet  Visible Infra Red
® Variation of the solar irradiance (TSI) e =
during the 11-year cycle : <0.1%. i

—> EXxistence of process amplifying the solar
cycle effects, process probably depending on the
wavelength A

—> A <400 nm : 9% of variation during the cycle

—> A\ < 250 nm : 32% of variation during the cycle : = The Sun
(Lean, 1989) | v STTOK Black Body
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Reconstruction of the solar luminosity
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The main mechanisms of the Sun-
Earth relationship

les principaux mécanismes des relations Soleil-Terré

Rayons
cosmiques
perturbations - (particules)
interplanétaires (plasma) [\ 10 W/m*
~ 10 W/ m* : 5

particules energétiques
(protons, électrons, ...}
~ 107 W/m?

rayonnement e - . 4
électromagnétique — - -
1366 W/ m? ’ Autres: effets

: antropogeénes,
geéomagnetisme,
parametres
orbitaux, ...

Courtesy Dudok De Wit




Nothing Is simple...
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Some words about our Earth's
atmosphere
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Stratosphere and photodissociation of ozone

* Photodissociation and formation of ozone by Chapman cycle
—> Most of ozone is produced at low latitudes in the high atmosphere

—> Meridional circulation (Brewer-Dobson) => ozone also present at
mid and high latitudes

UV/visible Ing
. 7 Req

SPARC: Stratospheric Processes And their Role in CI  imate




Chapman cycle

Formation de l'ozone stratosphérique: le cycle Chapman

L'ozone se forme dans la stratosphére d une
altitude supérieure a 30 km ol le rayonnement UV
de longueur d'onde inférieure d 240 nm dissocie
lentement le dioxygéne :

dioxygéne O € W00

V. L'atome d'oxygene O réagit rapidement avec
/ 320 < % <240 nm '€ dioxygéne, en présence d'une tierce molécule M
(une autre molécule de O,, ou N,) pour former de
“ I'ozone
O+0,+M->0,+M

oZone
La molécule d'ozone formée absorbe le

rayonnement UV enfre 240 et 320 nm et peut se
décomposer pour reformer O et O,
Oy+hv 20, +0

L'ozone peut aussi réagir avec |'atome
d'oxygéne pour redonner du dioxygene :
0;+0-0,+ 0,

La quantité d'ozone dans la stratosphére résulte donc d'un équilibre entre
formation et destruction naturelles. La destruction peut €tre accentuée par
d'autres réactions chimiques avec, par exemple, le chlore provenant des CFC.

http://perso.numericable.fr/~frgheusi/UPS/figures/chapman.jpg



Brewer-Dobson circulation

* Ozone mainly produced above tropics
* But accumulation at high latitudes

* Proposed model : Brewer-Dobson circulation
— > slow current that redistributes the air

Nimbus-7 SBUV 1980-89 ozone (DU/km)
1

E
2
z
T
o =

Pressure (hPa)

Latitude




Results and simulations




Some literature...
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Objectives and simulations

* LMDZ-REPROBUS = Chemistry-climate model (CCM)

— Complete representation of dynamical, radiative and chemical process in the
atmosphere and their interactions, especially feedbacks of chemical phenomenons on
dynamics.

— The solar variability is explicitly forced in the model through variations of radiative and
photolysis heating rates (Lott et al. (2005), Lefevre et al. (1994), Lefévre et al. (1998),
Jourdain et al. (2008)).

— Other forcings (SST, sea ice, stratospheric aerosols, CFCs, GHGs, ...) are constant.
— Horizontal grid (lat x lon) : 2.5%3.75°
— Vertical grid : 50 levels extending from the surface to 0.07 hPa (about 65 km)

* Evaluation of the model response to the 11-year cycle
— Experience with SUSIM/ATLAS solar fluxes
— Solar maximum : 2 february 1992 B Solr Aty Indices and £1 day Gauseian Fleree
— Solar minimum : 10 october 1996

— Integration of fluxes aver 2 bands :
* 0.25-0.68 pm
* 0.68 -4 pum

e Simulations : 30 years

* Zonal means over 26 years (spin-up: 4 years)
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Variation of the solar irradiance in UV for the
chosen dates
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Temperature response
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Temperature response (SSU)
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Zonal wind response (model)
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Zonal wind response (ERA-40)
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Proposition of mechanism

Summer

Winter
V'F>0

Summer

Kodera & Kuroda (2002)

The heating anomalies of the
atmosphere due to the Sun
change the strength of the
the stratospheric polar jet U

This influences the path of
the planetary waves that
deposit their zonal
momentum of the side of the
polar jet

The effect is to weaken the
Brewer-Dobson  circulation
and thus to warm up the
tropical low stratosphere




Visualization of the planetary waves

. I
e
0 2040 60 &80 0 2040 60 40
A
0.1 el N _y.... nlindy _ I
% -- ﬁ ! e .'-' _. a
0 2040 60 &0 0 2040 60 80 0 2040 60 &0

Avitu [ms)

% 0 20 40 60 80 0 20 40 60 350 0 2040 60 50 0 2040 60 80
AD3
U . ﬁ
1000

0 20405080 0 20 40 60 80 0 20 40 50 &0 2040 60 50 0 2040 60 50 0 20406030 0 20 40 60 &0 0 20406080

lat [deg]




Sudden stratospheric warmings
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Comparison with an other study
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Longitudinal variation of the solar signal




Conclusions and perspectives

* Reinforcement of the polar vortex in winter

Coherence between model and
observations (Claud et al., 2008) but
temporal shift

More wave activity (Matthes et al., 2006)

Modulation of the Brewer-Dobson circulation
(Haigh 1994, Haigh 1996, Shindell et al.
1999)

Polar jet affected during the night (Kodera &
Kuroda 2002, Matthes et al. 2004 and 2006,
Haigh & Blackburn 2006)

Increasing of the sudden stratospheric
warmings

Improvements of the model

Radiative code (SW) : 2 bands -> 6 bands

Extension to the high mesosphere / low
thermosphere

Analysis of the simulation with a real 11-

year solar signal as imput in the model

Simulation of the Maunder minimum

Simulation with ocean coupling

More realistic influence on the climate

tropopause

height

Hadley

Iu F'bt'EH'y" |f— call

| I jet | | |

south pole

tropopause

I| I.II." .- I .III II'III
[ |we::tr¢riv '—'—) cell 1
|

Hadley

jet || |

south pole

Son et al (2010)




Future data : The PICARD mission

e CNES microsatellite launched
the 15 of June 2010

* http://smsc.cnes.fr/PICARD/Fr

* Objectives:

— Better understanding the physics and
Internal structure of the Sun

— Better understanding the solar forcing
on climate

* Measurements:

— Diameter and shape of the Sun
— Differential rotation

— Solar irradiance and UV flux

— Helioseismologic modes

— W parameter (ratio between the solar luminosity variations and the
diameter variations) important for the solar forcing studies

@CNES




Thank you !
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