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Introduction
Observation of transits

Secondary Eclipse
See planet thermal radiation
disappear and reappear

 Discovery of planet transiting
its star:

Primary Eclipse e New kind of information:

Measure size of planet Leamn about atmospheric
See star's radiation circulation from thermal phase

transmitted through the curves accurate radius and mass,

planet atmosphere
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Introduction
Observation of transits

Secondary Eclipse
See planet thermal radiation
disappear and reappear

 Discovery of planet transiting
its star:

Primary Eclipse e New kind of information:

Measure size of planet Leamn about atmospheric
See star's radiation circulation from thermal phase

transmitted through the accurate radius and mass,

planet atmosphere

atmospheric temperature

Planet TrES-1

and composition

* New questions: problem

Deming et al.
(2007);

Charbonneau
et al. (2007)

for models to explain
observational constraints
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Planetary Eclipses  Spitzer Space Telescope * IRAC * MIPS

NASA / JPLCaltech / D. Charbonneau (Harvard-Smithsonian CfA] $5c2005-09a
D. Deming (Goddard Space Flight Center)
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Introduction

Transiting planets

o ey, s w; amitan, g,
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: g Transiting planets questions
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: e Each type of observations:

different location on planet
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Orbital Phase

Atmospheric dynamics: the
planet is not 1d !!

Knutson et al. (2007)
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Current model

Description

. Portable Univ. Model of the
Atmosphere: PUMA

*Dynamical core
e Dynamical core only

*Parameterization »
e Boundary conditions

*Subsystems (humidity, clouds/ « Graphical interface
precipitation, ...)

*Graphical interface
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Key features

Portable

Open source

Modular
Scalable

Easy to use

Documented

Parallel

Fast

Compatible

Support

User base

Linux, Unix, Mac OSX, Solaris and other Unix type systems.

All models are open source and use open source libraries only.
(Xlib for graphics, NetCDF for data storage, MPI for parallel execution).

Problem dependent model configuration.
Wide range of usable horizontal and vertical resolution.

Graphical ModelStarter for setup, compile & run.
Graphical User Interface (GUI) for run control and views.

User's Guide, Reference Manual, commented FORTRAN code with references to
literature and Manuals.

The Message Passing Interface (MPI) is supported on multicore systems or clusters.

1 year PUMA T21 : 5 sec on iMac (4 cores Intel Core i5)
1 year PlaSim T21 : 90 sec on server node (2 x 4 cores Intel Xeon)

Includes postprocessor for writing NetCDF gridded data, COADS,
ECHAM, CDO, Grads, and Ferret compatible.

Forum, eMail support, reference simulation

Ca. 50 international Universities and Research Institutions
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Primitive Equations

Conservation of momentum (vorticity and divergence equation)
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Hydrostatic approximation Conservation of mass
(using the equation of state) (continuity equation)
99 8lnpg B Ado
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Thermodynamic equation

o1’ oT J
=Fp—0c—+ckWIT+ —+ Pp
ot do Cp

UH N ) pus
bh‘ Universitdit Hamburg Z Kllmacampus



N\ MoSt - Model Starter (16.00) - University of Hamburg
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e Hardware

Any from Netbook (has run on Raspberry PI) to massive parallel
cluster

o Software
Linux, Mac OSX, or any UNIX like operating system
(or in a virtual machine on a Windows-host)
FORTRAN-90 Compiler (gfortran or other)
Xlib development package (<include> files)

NetCDF library (for data processing)
% ) pus
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Current model

Applications

o Lucarini et al. (QJRMS, 2010)
310 T T T T T T
all PLASIM
a0 |
290 | : :
| *Hysteresis experiment
I w=\Warm Climate
il ! —Snow Ball Climate | |
) : Present Cimate
I~ 2800 ! W-SB Transition | . . . o
: i P> SBW Transiion *Thermodynamical diagnostics built-in
250 | | .
| ' (entropy, ...)
240+ |
2301 i
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Sy(Wm=2)
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Current model

Applications

YoV N ol

,~ x_t‘« W e
3

Segschneideret al (PSS, 2005)
Stenzel et al. (PSS, 2007)

PLASIM

e in agreement with previous work
(Hourdin et al. 1993)

e Sensitivity to obliquity

« No dust/CO, cycle
 Fixed CO, concentration
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Current model

Applications

o Grieger et al (ASR, 2004)

Streamfunction leoline spacing: 1.63278e+10 kg/s
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Streamfunction isoline spacing: 2.88067e+10 kg/s
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Current model

Applications

. Gas giant planets
N S Bending et al. (MNRAS 2013)
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Current model

Applications

o Earth-like planets
Lucarini et al. (Astron. Nach. 2013)

- ‘“i
» ¢ PLASIM
0 .
w . * Sensitivity of surface temperature
’ = to heating and CO, concentration
¢ n
; « -« Dual band radiation scheme
40 ‘:;
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Current model

Applications

o Earth-like planets
= Lucarini et al. (Astron. Nach. 2013)

PLASIM

Sensitivity of bistability to planet

// 130 == 11120 rotation

Dual band radiation scheme
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BELGIUM

Universite de Liege, Laboratoire de Physique Atmospherique et Planetaire

Universite Libre de Bruxelles, Centre for Nonlinear Phenomena and Complex Systems

CANADA

Memorial University, St. John's, Newfoundland, Dept of Physics & Physical Oceanography

CHINA

Nanjing University of Information Science and Technology, Nanjing
Ocean University of China, Qingdao, Department of Meteorology
ENGLAND

University of Oxford, Department of Physics

University of Reading, Department of Meteorology

FRANCE

Universite de La Reunion, Department of Physics

Laboratoire de Meteorologie Dynamique, Paris

Ecole Normale Superieur, Department Terre-Atmosphere-Ocean (TAO), Paris
Laboratoire de Physique des Oceans, Universite de Bretagne Occidentale, Brest
GERMANY

Freie Universitat Berlin, Meteorologisches Institut

Universitat Kiel, Institut fir Meereskunde

Universitat Bonn, Meteorologisches Institut

Bergakademie Freiberg, Institut fir Geophysik

GKSS Geesthacht, HGF, Institut fur Kistenforschung

Senckenberg Forschungsinstitut und Naturmuseum, HGF, Frankfurt
MPI-Biogeochemie, Jena

MPI-Sonnensystemforschung, Katlenburg

Potsdam Institute for Climate Impact Research, Potsdam

INDIA

Indian Institute of Tropical Meteorology, Poona/Pune, Climate and Global Modeling Division

ISRAEL
Bar llan University, Ramat Gan, Department of Geography and Environment
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ITALY

Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA), Rome
University of Rome "La Sapienza", Rome, Physics Department

Inst. of Atmospheric Sciences and Climate, ISAC, Italian National Research Council, Torino
European Academy Bozen/Bolzano (EURAC)

University of Genova, ISAC, Lecce

THE NETHERLANDS

Utrecht University, Department of Environmental Sciences

Wageningen University and Research Centre, Department of Environmental Sciences
NEW ZEALAND

National Institute of Water & Atmospheric Research, Wellington

NORWAY

Bjerknes Centre for Climate Research, Bergen

Department of Meteorology, University of Oslo,

RUSSIA

Institute of Computational Mathematics and Mathematical Geophysics, Russian Academy of Sciences, Novosibirsk
Institute of Numerical Mathematics, Russian Academy of Sciences, Moscow

Space Research Institute, Russian Academy of Sciences, Moscow

SINGAPORE

National University of Singapore, Centre for Remote Imaging, Sensing and Processing
SPAIN

Campus de Ourense, Sciencias, Edeficio de Fisicas, Physica de la Atmosfera y el Oceano
University of Santiago de Compostela, Faculty of Physics, Nonlinear Physics

SWEDEN

Stockholm University, Department of Meteorology

USA

University at Albany, Department of Atmospheric and Environmental Sciences

University of Colorado, Boulder, Atmospheric and Oceanic Sciences

National Oceanic Atmospheric Administration (NOAA), Earth System Res. Lab., Phys. Sci. Div., CIRES, Boulder
Princeton University, Geophysical Fluid Dynamics Laboratory

Oregon State University, College of Oceanic and Atmospheric Sciences

New York University, Courant Institute of Mathematical Sciences
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RT in GCMs

Line by line

Line by line

Most precise approach

Can give you useful info

BUT
« Several millions of lines ! (ex:
e ——— . 500x1068 for hot H,O only !) see
: ExoMol !!

= Computationally expensive in CPU
& disk space

Log (S/ 1 m* molec’)

aol ; : . & & w5 g | . % KlimaCampus
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RT in GCMs

Newtonian cooling

. Principle:

e Assuming the system relaxes to its
equilibrium temperature

1

Trad

Qrad = - C;)R)(T_ Teq)-

Ap ¢,
g 40T3°

Trad ™~

* Very simple
e Currently in PUMA
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RT in GCMs

Dual band

. Principle:
e Separation of radiation into 2
wavelength ranges
e Assumption ‘grey’: k = cste

) Blackboty |\ .
( )cuwelS)Ody Fvvis(P) = (1 - A),U-fF‘inc exp (—H—h;ls P)

1.66 doT*
Fy ur(P) = / (1 — exp [—T/h‘mdPD Z._Pdp

KIR = KIR.0( P/ Prer)™

5780 K 255K

AB, (normalized)

e 3 parameters: k.. Kgand «
L [ [ [[T] I L LTI [ | L T 1 ITIf]

—— I - e Double grey: =0
070150203 05 1 152 3 5 10 520 30 50 100 ) .
Wavelenghym e Currently in PlaSim

Stellar Thermal
heating in emission %

.. ) = KlimaCampus
visible in IR | :



RT in GCMs

k-distribution

Ti(u) = J‘ e ku _g_v = f e Xh(k)dk,
Av 14 0

k
gy = [ niwa,

dv '[!
T;(u)=J; e-k(v)u_v=J; e'k(g)“dg,

Av

Principle of k-distribution method:

*Replacing integrating over
wavenumbers by a cumulative
probability

*Probability is function easy to
interpolate and calculated only once
= Good compromise between
precision and computing “cost”

‘\
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RT in GCMs

k-distribution

° Principle of k-distribution method:

*Replacing integrating over
wavenumbers by a cumulative
probability

*Probability is function easy to

Absorption coefficient (log k,)

interpolate and calculated only once

=Good compromise between

1 L Lo L Loty
980 1000 1020 1040 1060 1080 1100

Wavenumer (cn-) precision and computing “cost”

201
2 1o ] Next generation of PlaSim
i |
g o
;
2

-20 N
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Future developments

VIPER

Extrasolar Research (VIPER)

« Being able to model circulation of Earth-like to Giant planet's
atmospheres: ANY PLANET

* Modular: switching on/off physical processes
* 1 new module: RT

* Remove assumption/restriction for Earth, extend range of
parameters (e.g. rotation rate, possibility of eccentric orbit, ...)
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Future developments

VIPER

e First project: Mars Mars

e RT
e Qrography
e CO,cycle
e Dust
e Radiative effect
e Creation and transport

e Collab. J Martin-Torres (CAB,
Madridf)
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Future developments

VIPER

e Other possible directions

Modularity makes it easy to add/
remove complexity

A module for chemistry ?
A module for cloud ?
e (Calculate or prescribe a size

distribution
e Incorporate the radiative effect

‘ N
% KlimaCampus



KlimaCampus

Thank you !

nicolas.iro@uni-hamburg.de
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