5.6. QUELQUES REMARQUES POUR FINIR 207

d’une couche de brume isolée, dans la zone de formation, où les particules sont soufflées vers les pôles où elles s’accumulent et sédimentent avant d’être redistribuées plus bas sur l’ensemble de la planète. Le refroidissement infrarouge, dans la nuit polaire, contribue autant que les variations d’ensoleillement au forçage de la circulation méridienne dans la stratosphère de Titan. La prise en compte de cette composante est essentielle si on veut reproduire les gradients latitudinaux de température observés par Voyager.

L’enrichissement polaire simulé dans la stratosphère moyenne, causé par la subsidence d’air provenant des régions source de la photochimie, dans la haute stratosphère, est également en très bon accord avec les observations. Pour la plupart des espèces, ce contraste n’a que peu à voir avec la chimie elle-même. Il est dû au contraste entre cet air enrichi dans la subsidence polaire l’air clair montant de la basse troposphère, où la plupart des espèces condensent. L’amplitude de ce contraste est contrôlé par la compétition entre l’advection verticale qui crée le contraste, et le mélange latitudinal soit par la circulation méridienne moyenne, soit par les ondes planétaires, paramétrisées dans le modèle.

Le bon accord en ce qui concerne la composition, est une des indications les plus directes du fait que les mécanismes dynamiques impliqués dans la création de la superrotation (circulation méridienne moyenne et ondes planétaires), sont bien à l’œuvre sur Titan. En particulier, l’enrichissement polaire est la contrainte la plus directe que nous ayons sur l’existence des cellules de Hadley.

En observant la composition, nous voyons donc que Cassini devrait nous donner beaucoup de contraintes sur la dynamique en jeu dans la stratosphère de Titan.

Cette situation présente certaines similitudes avec des études concernant les contrastes d’humidité dans la troposphère terrestre. Pour l’humidité, la source est en surface et la valeur à saturation diminue à mesure qu’on monte vers la tropopause. En absence de mélange, l’humidité spécifique d’une particule d’air est déterminée simplement par l’humidité à saturation la plus faible rencontrée le long de son histoire passée (plus ou moins le point le plus froid le long de la rétro-trajectoire). Là aussi, l’observation d’une espèce condensant (la vapeur d’eau) a été utilisée pour contraindre la dynamique atmosphérique. (e. g. Pierrehumbert et Roca, 1998).

On ne sais pas encore si Cassini réussira à suivre des nuages pour déterminer des vents. Il est clair en revanche que l’observation de la composition foisonnera d’informations directes ou indirectes sur la dynamique atmosphérique, et nous permettra de valider plus finement ce modèle que nous continuerons à développer.

On voit aussi qu’une mission plus longue que les 4 ans nominaux permettrait d’apprendre beaucoup de choses sur cette machine complexe qu’est le climat de Titan, notamment par exemple si on peut observer la période de transition, juste après l’équinoxe de printemps.

208 CHAPITRE 5. DYNAMIQUE ET COMPOSITION DE LA STRATOSPHÈRE DE TITAN

Chapitre 6

Conclusions et perspectives

6.1 Quelques enseignements

6.1.1 Décomposition du transport et paramétrisations

Mentionner le parallèle entre l’étude des ondes sur Titan et le transport de couche limite. Intéreaction d’échelle et intéraction entre différentes composantes de l’écoulement. Transport par des cellules versus transport diffus Paramétrisation permettant d’interpréter un comportement.

6.1.2 Des traceurs du transport atmosphérique

Le traceurs peuvent renseigner sur le transport.

Valdiation de la couche limite. Circulation sur Titan Rétro-transport.

6.1.3 Un outil

Le guidage.

6.2 Et après

6.2.1 Paramétrisation, cycle diurne de nuages et transport des traceurs

Prospective sur le transport par les paramétrisations. AMMA.

Le guidage comme outil de travail sur les paramétrisations. Et comme outil de travail sur le changement climatique.

Le soulèvement des poussières.

6.2.2 Météorologie comparée et climat

Eventuellement une figure de tempêtes de poussières martienes.

Le modèle avec thermiques comme modèle des atmosphères planétaires. IPCC analyses réanalyses ERA40

ASE CESR CNES LGGE LMD Laboratoire de Météorologie Dynamique LMDZ LOA LSCE NASA NASA/GISS NASA/Ames NCAR SA TICE ECMWF

210 CHAPITRE 6. CONCLUSIONS ET PERSPECTIVES

Bibliographie

Abdella, K., et N. McFarlane, 1997 : A new second-order turbulence closure scheme for the planetary boundary layers, J. Atmos. Sci., 54, 1850–1867.

Allen, D. J., A. R. Douglass, R. B. Rood, et P. D. Guthrie, 1991 : Application of a monotonic upstreambiased transport scheme to three dimensional constituent transport calculations, Mon. Wea. Rev., 119, 2456–2464.

Allison, M., A. D. Del Genio, et W. Zhou, 1994 : Zero potential vorticity envelopes for the zonal-mean velocity of the Venus/Titan atmospheres, J. Atmos. Sci., 51, 694–702.

Angelats i Coll, M., F. Forget, M. A. López-Valverde, P. L. Read, et S. R. Lewis, 2004 : Upper atmosphere of Mars up to 120 km : Mars Global Surveyor accelerometer data analysis with the LMD general circulation model, J. Geophys. Res., 1011.

Arakawa, R. A., et W. H. Schubert, 1974 : Interaction of a cumulus cloud ensemble with the large scale environment. part I, J. Atmos. Sci., 31, 674–701.

Atkinson, B. W., et J. W. Zhang, 1996 : Mesoscale shallow convection in the atmosphere, Reviews of Geophysics, 34, 403–431.

Ayotte, K. W., P. P. Sullivan, A. Andrén, S. C. Doney, A. A. Holtslag, W. G. Large, J. C. McWilliams, C.-N. Moeng, M. J. Otte, J. J. Tribbia, et J. C. Wyngaard, 1996 : An evaluation of neutral and convective planetary boundary-layer parameterizations relative to large eddy simulations, Boundary-layer Meteorol., 79, 131–175.

Bézard, B., A. Coustenis, et C. P. McKay, 1995 : Titan’s stratospheric temperature asymmetry : a radiative origin, Icarus, 113, 267–276.

Bird, M. K., R. Dutta-Roy, M. Heyl, M. Allison, S. W. Asmar, W. M. Folkner, R. A. Preston, D. H.

Atkinson, P. Edenhofer, D. Plettemeier, R. Wohlmuth, L. Iess, et G. L. Tyler, 2002 : The Huygens Doppler Wind Experiment - Titan Winds Derived from Probe Radio Frequency Measurements, Space Science Reviews, 104, 613–640.

Blackadar, A. K., 1962 : The vertical distribution of wind and turbulent exchange in neutral atmosphere, J. Geophys. Res., 67, 3095–3102.

Bonazzola, M., Analyse de la convection et de la circulation atmosphérique de grande échelle pendant la campagne INDOEX, thèse, Université Paris-6, 2001.

Bony, S., et K. A. Emmanuel, 2001 : A parameterization of the cloudiness associated with cumulus convection ; evaluation using TOGA COARE data, J. Atmos. Sci., 58, 3158–3183.

Bopp, L., O. Boucher, O. Aumont, S. Belviso, J.-L. Dufresne, M. Pham, et P. Monfray, 2004 : Will marine dimethylsulphide emissions alleviate global warming ? a model study, Canadian Journal of Fisheries and Aquatic Sciences, 61(5), 826–835.

Boucher, O., C. Moulin, S. Belviso, O. Aumont, L. Bopp, E. Cosme, R. von Kuhlmann, M. Lawrence, M. Pham, M. S. Reddy, J. Sciare, et C. Venkataraman, 2003 : Sensitivity study of the dms atmospheric concentrations and the sulfate aerosol indirect radiative forcing to the DMS source representation, Atmos. Chem. Phys., 3, 49–65.

Boucher, O., et M. Pham, 2002 : History of sulfate aerosol radiative forcings, Geophys. Res. Lett., 29, 22–1.

Bougeault, P., et P. Lacarrere, 1989 : Parameterization of orography induced turbulence in a mesobetascale model, Mon. Wea. Rev., 117, 1872–1890.

Bousquet, P., et P. Peylin, 2000 : Regional changes in carbon dioxide fluxes of land and ocean since 1980, Science, 290, 1342–1345.

Brost, R. A., et J. C. Wyngaard, 1978 : A model study of the stably stratified planetary boundary layer, J. Atmos. Sci., 1427–1440.

Brown, M. E., A. H. Bouchez, et C. Griffith, 2002 : Direct detection of variable tropospheric clouds near titan’s south pole, Nature, 420, 795–797.

Brown, R. A., 1972 : On the Inflection Point Instability of a Stratified Ekman Boundary Layer., J. Atmos. Sci., 29, 850–859.

Brown, R. A., 1980 : Longitudinal instabilities and secondary flows in the planetary boundary layer :

A review., Rev. Geophys. Space Phys., 18, 638–697.

Businger, J. A., J. C. Wyngaard, Y. Izumi, et E. F. Bradley, 1971 : Flux-pofiles relationships in the atmospheric surface layer, J. Atmos. Sci., 181–189.

Cabane, M., E. Chassefière, et G. Israel, 1992 : Formation and growth of photochemical aerosols in Titan’s atmosphere, Icarus, 96, 176–189.

Cabane, M., P. Rannou, E. Chassefière, et G. Israel, 1993 : Fractal aggregates in Titan’s atmosphere, Planet. Space Sci., 41, 257–267.

Carpenter, R. L., K. K. Droegemeier, P. R. Woodward, et C. E. Hane, 1990 : Application of the piecewise parabolic method (PPM) to meteorological modeling, Mon. Wea. Rev., 118, 586–612.

Carrigan, C. R., R. A. Heinle, G. B. Hudson, J. J. Nitao, et J. J. Zucca, 1996 : Trace gas emissions on geological faults as indicators of underground nuclear testing, Nature, 382, 528–531.

Cherkaoui, M., J. Dufresne, R. Fournier, J. Grandpeix, et A. Lahellec, 1996 : Monte-carlo simulation of radiation in gases with a narrow-band model and a net-exchange formulation, ASME Journal of Heat Transfer, 118, 401–407.

Chiapello, I., G. Bergametti, B. Chatenet, P. Bousquet, F. Dulac, et E. Santos Soares, 1997 : Origins of african dust transported over the northeastern tropical atlantic, J. Geophys. Res., 102, 13,701– 13,709.

Colella, P., et P. R. Woodward, 1984 : The piecewise parabolic method (PPM) for gaz-dynamical simulations, J. Computational Phys., 54, 174–201.

Coll, P., D. Coscia, S. Smith, M.-C. Gazeau, S. I. Ramirez, G. Cernogora, G. Israël, et F. Raulin, 1999 : Experimental laboratory simulation of Titan’s atmosphere : Aerosols and gas phase, Planet. Space Sci., 47, 1331–1340.

Cosme, E., C. Genthon, P. Martinerie, O. Boucher, et M. Pham, 2002 : The sulfur cycle at highsouthern latitudes in the LMD-ZT General Circulation Model, J. Geophys. Res., 107(D23), 4690.

Cosme, E., F. Hourdin, C. Genthon, et P. Martinerie, The origin of dimethylsulfide (DMS), non-sea-salt sulfate, and methanesulfonic acid (MSA) in eastern antarctica, 2004.

Courtier, P., et O. Talagrand, 1987 : Variational assimilation of meteorological observations with the adjoint vorticity equation. II : Numerical results, Q. J. R. Meteorol. Soc., 113, 1329–1347.

Coustenis, A., B. Bézard, et D. Gautier, 1989 : Titan’s atmosphere from Voyager infrared observations.I. The gas composition of Titan’s equatorial region, Icarus, 80, 54–76.

Coustenis, A., et B. Bézard, 1995 : Titan’s atmosphere from Voyager infrared observations : IV latitudinal variations of temperature and composition, Icarus, 115, 126–140.

Couvreux, F., F. Guichard, J.-L. Redelsperger, C. Flamant, V. Masson, C. Kiemle, et J.-P. Lafore, Water vapour variability within a convective boudary layer assessed by large eddy simulations and IHOP observations, 2004.

Cressman, G. P., 1959 : An operational objective analysis system, Mon. Wea. Rev., 87, 367–374.

De Geer, L.-E., 1996 : Sniffing out clandestine tests, Nature, 382, 491–492.

Deardorff, J. W., 1966 : The counter-gradient heat-flux in the lower atmosphere and in the laboratory, J. Atmos. Sci., 23, 503–506.

Deardorff, J. W., 1970 : Convective velocity and temperature scales for the unstable planetary boundary layer and for Rayleigh convection, J. Atmos. Sci., 27, 1211–1213.

Deardorff, J. W., 1972a : Parameterization of the boundary layer for use in general circulation models, Mon. Wea. Rev., 77, 93–106.

Deardorff, J. W., 1972b : Theoretical expression for the countergradient vertical heat flux, J. Geophys. Res., 77, 5900–5904.

Del Genio, A. D., W. Zhou, et T. P. Eichler, 1993 : Equatorial superrotation in a slowly rotating GCM :

implications for Titan and Venus, Icarus, 101, 1–17.

Del Genio, A., et R. J. Suozzo, 1987 : A comparative study of rapidly rotating dynamical regimes in a terrestrial general circulation model, J. Atmos. Sci., 44, 973–986.

Dufresnes, J.-L., R. Fournier, C. Hourdin, et F. Hourdin, Net exchange reformulation of radiative transfer in the CO_2 15μm band on mars, J. of Atmos. Sci., submitted, 2004.

Ebert, E. E., U. Schumann, et R. B. Stull, 1989 : Non local turbulent mixing in the convective boundary layer evaluated from Large-Eddy Simulation, J. Atmos. Sci., 46, 2178–2207.

Edouard, S., B. Legras, et V. Zeitlin, 1996 : The effect of dynamical mixing in a simple model of the ozone hole, J. Geophys. Res., 101, 16771–16779.

Edouard, S., Dynamique et chimie du vortex polaire : le problème de l’ozone, Thèse, Université Paris- 6, 1997.

Emanuel, K. A., 1991 : A scheme for representing cumulus convection in large-scale models, J. Atmos. Sci., 48, 2313–2335.

et al., A.

Flasar, F. M., R. E. Samuelson, et B. J. Conrath, 1981 : Titan’s atmosphere : temperature and dynamics, Nature, 292, 693–698.

Flasar, F. M., et B. J. Conrath, 1990 : Titan’s stratospheric temperatures : A case for dynamical inertia ?, Icarus, 85, 346–354.

Flasar, F. M., 1998 : The composition of Titan’s atmosphere : a meteorological perspective, Planet.

Space Sci., 46, 1109–1124.

Flesch, T. K., J. D. Wilson, et E. Yee, 1995 : Backward-time lagrangian stochastic dispersion models and their application to estimate gaseous emissions, J. Appl. Met., 34, 1320–1333.

Forget, F., F. Hourdin, et O. Talagrand, 1998 : CO_2 snow fall on Mars : Simulation with a general circulation model, Icarus, 131, 302–316.

Fouquart, Y., et B. Bonnel, 1980 : Computations of solar heating of the Earth’s atmosphere : A new parametrization, Contrib. Atmos. Phys., 53, 35–62.

From, J. E., 1968 : A method for reducing dispersion in convective difference schemes, J. Computational Phys., 3, 176–189.

Fulchignoni, M., F. Ferri, F. Angrilli, A. Bar-Nun, M. A. Barucci, G. Bianchini, W. Borucki, M. Coradini, A. Coustenis, P. Falkner, E. Flamini, R. Grard, M. Hamelin, A. M. Harri, G. W. Leppelmeier, J. J. Lopez-Moreno, J. A. M. McDonnell, C. P. McKay, F. H. Neubauer, A. Pedersen, G. Picardi, V. Pirronello, R. Rodrigo, K. Schwingenschuh, A. Seiff, H. Svedhem, V. Vanzani, et J. Zarnecki, 2002 : The Characterisation of Titan’s Atmospheric Physical Properties by the Huygens Atmospheric Structure Instrument (Hasi), Space Science Reviews, 104, 395–431.

Genthon, C., et A. Armengaud, 1995 : Radon 222 as a comparative tracer of transport and mixing in two general circulation models of the atmosphere, J. Geophys. Res., 100, 2849–2866.

Gierasch, P. J., 1975 : Meridional circulation and the maintenance of the Venus atmospheric rotation, J. Atmos. Sci., 32, 1038–1044.

Gilbert, J.-C., et C. Lemaréchal, 1989 : Some numerical experiments with variable-storage quasi- Newton algorithms, Math. Program., 45, 407–435.

Godunov, S. K., 1959 : Finite-difference methods for the numerical computations of equations of gas dynamics, Math. Sb., 7, 271–290.

Golitsyn, G. S., 1975 : Another look at atmospheric dynamics on Titan and some of its general consequences, Icarus, 24, 70–75.

Grandpeix, J.-Y., V. Phillips, et R. Tailleux : Improved mixing representation in emanuel’s convection scheme, Q. J. R. Meteorol. Soc., in press.

Griffith, C., T. Owen, G. Miller, et T. Geballe, 1998 : Transient cloud in titan’s lower atmosphere, Nature, 395, 575–578.

Griffith, C., J. H. Hall, et T. Geballe, 2000 : Detection of daily clouds on titan, Science, 290, 509–513.

Gurney, K.R., L. R. M., A. S. Denning, P. J. Rayner, D. Baker, P. Bousquet, L. Bruhwiler, Y. H. Chen, P. Ciais, S. Fan, I. Y. Fung, M. Gloor, M. Heimann, K. Higuchi, J. John, T. Maki, S. Maksyutov, K. Masarie, P. Peylin, M. Prather, B. C. Pak, J. Randerson, J. Sarmiento, S. Taguchi, T. Takahashi, et C. W. Yuen, 2002 : Towards robust regional estimates of annual mean CO_2 sources and sinks, Nature, 415, 626–630.

Haas-Laursen, D. E., D. E. Hartley, et R. G. Prinn, 1996 : Optimizing an inverse method to deduce time-varying emissions of trace gases, J. Geophys. Res., 101(D17), 26,137–26,160.

Hartman, D. L., 1983 : Barotropic instability of the polar night jet stream, J. Atmos. Sci., 40, 817–835.

Hauglustaine, D. A., F. Hourdin, L. Jourdain, M.-A. Filiberti, S. Walters, J.-F. Lamarque, et E. A.

Holland, February 2004 : Interactive chemistry in the Laboratoire de Météorologie Dynamique general circulation model : Description and background tropospheric chemistry evaluation, J. Geophys. Res., 4314–+.

Hess, P. G., S. Nanda, et S. J. Flocke, 1996 : Trajectories and related variations in the chemical composition of air for the mauna loa observatory during 1991 and 1992, J. Geophys. Res., 101, 14,543–14,568.

Högström, U., 1988 : Non-dimensional wind and temperature profiles in the atmospheric surface layer : a re-evaluation, Boundary-layer Meteorol., 55–78.

Hidayat, T., A. Marten, Y. Biraud, et R. Moreno, Study of the Atmosphere of Titan from Millimeter and Submillimeter Observations, in 8th Asian-Pacific Regional Meeting, Volume II, 9–10, 2002.

Holtslag, A. A. M., E. DeBruijn, et H. Pan, 1990 : A high resolution air mass transformation model for short-range weather forecasting, Mon. Wea. Rev., 118, 1561–1575.

Holtslag, A. A. M., et B. A. Boville, 1993 : Local versus non-local boundary-layer diffusion in a global climate model, J. Climate, 6, 1825–1842.

Hourdin, F., P. Le Van, O. Talagrand, R. Courtin, D. Gautier, et C. McKay, Numerical simulation of the circulation of the atmosphere of Titan, in Symposium on Titan, vol. SP-338, 101–106, ESA, ESA, 1992.

Hourdin, F., P. Le Van, F. Forget, et O. Talagrand, 1993 : Meteorological variability and the annual surface pressure cycle on Mars, J. Atmos. Sci., 50, 3625–3640.

Hourdin, F., F. Forget, et O. Talagrand, 1995a : The sensitivity of the Martian surface pressure to various parameters : A comparison between numerical simulations and Viking observations, J. Geophys. Res., 100, 5501–5523.

Hourdin, F., O. Talagrand, R. Sadourny, C. Régis, D. Gautier, et C. P. McKay, 1995b : General circulation of the atmosphere of Titan, Icarus, 117, 358–374.

Hourdin, F., J.-P. Issartel, B. Cabrit, et A. Idelkadi, 1999 : Reciprocity of atmospheric transport of trace species, CRAS, 329, 623–628.

Hourdin, F., F. Couvreux, et L. Menut, 2002 : Parameterisation of the dry convective boundary layer based on a mass flux representation of thermals, J. Atmos. Sci., 59, 1105–1123.

Hourdin, F., I. Musat, L. Fairhead, P. Braconot, J.-Y. Grandpeix, S. Bony, G. Krinner, J.-L. Dufresne, et P. Friedlingstein, Sensitivity of the simulation of tropical rain to the parametrization of convection of surface processes in the lmdz4 climate model, 2004.

Hourdin, F., et A. Armengaud, 1999 : Test of a hierarchy of finite-volume schemes for transport of trace species in an atmospheric general circulation model, Mon. Wea. Rev., 127, 822–837.

Hourdin, F., et J.-P. Issartel, 2000 : Sub-surface nuclear tests monitoring through the CTBT xenon network, Geophys. Res. Lett., 27, 2245–2248.

Hourdin, F., Conservation du moment angulaire dans le modèle de circulation générale du LMD, Note Interne 175, Lab. de Météorol Dyn., Cent. Nat. de la Rech. Sci., Paris, 1992.

Houweling, S., T. Kaminski, F. Dentener, J. Lelieveld, et M. Heinmann, 1999 : Inverse modeling of methane sources and sinks using the adjoint of a global transport model, J. Geophys. Res., 104(D21), 26,137–26,160.

Hubbard, W. B. p., 1993 : The occultation of 28 Sgr by Titan, Astron. Astrophys., 269, 541–563.

Hunt, B. G., 1979 : The influence of the earth’s rotation rate on the general circulation of the atmosphere, J. Atmos. Sci., 36, 1392–1408.

Hutzell, W. T., C. P. McKay, O. B. Toon, et F. Hourdin, 1995 : Simulations of Titan’s brightness by a two-dimensional haze model, Icarus, 119, 112–129.

Idelkadi, A., Validation du transport atmosphérique direct et inverse des espèces traces aux échelles continentales dans un modèle de circulation générale atmosphérique à grille variable, thèse, Université Paris-6, 2002.

Jacob, D. J., M. J. Prather, P. J. Rasch, R. Shia, Y. J. Balkanski, S. R. Beagley, D. J. Bergmann, W. T.

Blackshear, M. Brown, M. Chiba, M. P. Chipperfield, J. de Grandpré, J. E. Dignon, J. Feichter, C. Genthon, W. L. Grose, P. S. Kasibhatla, I. Köhler, M. A. Kritz, K. Law, J. E. Penner, M. Ramonet, C. E. Reeves, D. A. Rotman, D. Z. Stockwell, P. F. J. Van Velthoven, G. Verver, O. Wild, H. Yang, et P. Zimmermann, 1997 : Evaluation and intercomparison of global atmospheric transport models using^{222}Rn and other short-lived tracers, J. Geophys. Res., 102, 5953.

Jacob, D., et M. Prather, 1990 : Radon 222 as a test of convective transport in a general circulation model, Tellus, 42, 118–134.

Jeuken, A. B. M., P. C. Siegmund, H. L. C., J. Feichter, et L. Bengtsson, 1996 : On the potential of assimilating meteorological analyses in a global climate model for the purpose of model validation, J. Geophys. Res., 101, 939.

Joussaume, S., 1990 : Three-dimensional simulations od the atmospheric cycle of desert dust particles using a general circulation model, J. Geophys. Res., 95, 1909–1941.

Kaminski, T., M. Heinmann, et R. Giering, 1999a : A coarse grid three-dimensinal global inverse model of the atmospheric transport : I Adjoint model and jacobian matrix, J. Geophys. Res., 104, 18,535–18,553.

Kaminski, T., M. Heinmann, et R. Giering, 1999b : A coarse grid three-dimensinal global inverse model of the atmospheric transport : II Inversion of the transport of CO_2 in the 1980s, J. Geophys. Res., 104, 18,555–18,581.

Kasahara, A., Computational aspects of numerical models for weather prediction and climate simulation, in Methods in computational physics, edited by J. Chang, vol. 17, 1–66, Academic press, inc., 1977.

Kelvin, L., 1880 : On a disturbing infinity in Lord Rayleigh’s solution for waves in a plane vortex stratum, Nature, 23, 45–46.

Kostiuk, T., K. E. Fast, T. A. Livengood, T. Hewagama, J. J. Goldstein, F. Espenak, et D. Buhl, 2001 :

Direct measurement of winds on Titan, Geophys. Res. Lett., 28, 2361–2364.

Krinner, G., et C. Genthon, 2003 : Tropospheric transport of continental tracers towards Antarctica under varying climatic conditions, Tellus, 53, 54–70.

Kuo, H. L., 1949 : Dynamic instability of two-dimensional nondivergent flow in a barotropic atmosphere, J. Meteor., 6, 105–122.

Laval, K., R. Sadourny, et Y. Serafini, 1981 : Land surface processes in a simplified general circulation model, Geophys. Astrophys. Fluid Dyn., 17, 129–150.

Le Dimet, F.-X., et O. Talagrand, 1986 : Variational algorithms for analysis and assimilation of meteorological observations : theoretical aspects, Tellus, 38A, 97–110.

Le Treut, H., Z. Li, et M. Forichon, 1994 : Sensitivity study of the lmd gcm to greenhouse forcing associated with two different cloud water parametrizations, J. Clim, 7, 1827–1841.

Le Treut, H., et Z. X. Li, 1991 : Sensitivity of an atmospheric general circulation model to prescribed SST changes : Feedback effects associated with the simulation of cloud optical properties., Climate Dynamics, 5, 175–187.

Lebonnois, S., D. Toublanc, F. Hourdin, et P. Rannou, 2001 : Seasonal variations of titan’s atmospheric composition, Icarus, 152, 384–406.

Lebonnois, S., E. Bakes, et C. P. McKay, 2002 : Transition from gaseous compounds to aerosols in Titan’s atmosphere, Icarus, 159, 505–517.

Lebonnois, S., E. Bakes, et C. P. McKay, 2003a : Atomic and molecular hydrogen budget in Titan’s atmosphere, Icarus, 161, 474–485.

Lebonnois, S., F. Hourdin, P. Rannou, D. Luz, et D. Toublanc, 2003b : Impact of the seasonal variations of composition on the temperature field of Titan’s stratosphere, Icarus, 163, 164–174.

Lefèvre, F., S. Lebonnois, F. Montmessin, et F. Forget, 2004 : Three-dimensional modeling of ozone on mars, J. Geophys. Res., in press.

Lellouch, E., A. Coustenis, D. Gautier, F. Raulin, N. Dubouloz, et C. Frère, 1989 : Titan’s atmosphere and hypothesized ocean : A reanalysis of Voyager 1 radio-occultation and IRIS 7.7 μm data., Icarus, 79, 328–349.

LeMone, M. A., 1973 : The structure and dynamics of horizontal roll vorticies in the planetary boundary layer, J. Atmos. Sci., 30, 1077–1091.

Lin, S.-J., et R. B. Rood, 1996 : Multi-dimensional flux form semi-lagrangian transport schemes, Mon.

Wea. Rev., 124, 2046–2070.

Lions, J.-L., Optimal control of systems governed by partial differential equations (translated from the French), Springer-Verlag, Berlin, Germany, 1971.

Luz, D., R. Courtin, D. Gautier, J.-P. Lebreton, T. Approuchaux, F. Ferri, L. Lara, A. Kaufer, et F. Hourdin, 2003a : Characterization of the zonal wind flow in the stratosphere of Titan with UVES, Bull. Am. Ast. Soc., 35, 927.

Luz, D., F. Hourdin, P. Rannou, et S. Lebonnois, 2003b : Latitudinal transport by barotropic waves in Titan’s stratosphere. II. Results from a coupled dynamics-microphysics-photochemistry GCM, Icarus, 166, 343–358.

Luz, D., et F. Hourdin, 2003 : Latitudinal transport by barotropic waves in Titan’s stratosphere. I.

General properties from a horizontal shallow-water model, Icarus, 166, 328–342.

Mahowald, N. M., P. J. Rasch, B. E. Eaton, S. Whittlestone, et R. G. Prinn, 1997 : Transport of 222radon to the remote troposphere using the Model of Atmospheric Transport and Chemistry and assimilated winds from ECMWF and the National Center for Environmental Prediction/NCAR, J. Geophys. Res., 102, 28,139–28,151.

Marchuk, G. I., Numerical solution of the problems of dynamics of the atmosphere and the ocean (in Russian), Gidrometeoizdat, Leningrad, USSR, 1974.

Marchuk, G. I., Methods of Numerical Mathematics (translated from the Russian), Springer-Verlag, New York, New York, USA, 1982.

Marten, A., T. Hidayat, Y. Biraud, et R. Moreno, 2002 : New Millimeter Heterodyne Observations of Titan : Vertical Distributions of Nitriles HCN, HC_3N, CH_3CN, and the Isotopic Ratio^{15}N/^{14}N in Its Atmosphere, Icarus, 158, 532–544.

McKay, C. P., J. B. Pollack, et R. Courtin, 1989 : The thermal structure of Titan’s atmosphere, Icarus, 80, 23–53.

Mellor, G. L., et T. Yamada, 1974 : A hierarchy of turbulence closure models for planetary boundary layers, J. Atmos. Sci., 31, 1791–1806.

Mellor, G. L., 1973 : Analytical prediction of the properties of stratified planetary surface layers, J. Atmos. Sci., 30, 1061–1069.

Menut, L., R. Vautard, M. Beekmann, et C. Honoré, 2000 : Sensitivity of photochemical pollution using the adjoint of a simplified chemistry-transport model, J. Geophys. Res., 105, 15379–15402.

Merrill, J. T., 1994 : Isentropic airflow probability analysis, J. Geophys. Res., 99, 25,8881–25,8889.

Moeng, C., et P. P. Sullivan, 1994 : A comparison of shear- and buoyancy-driven planetary boundary layer flows, J. Atmos. Sci., 51, 999–1022.

Moeng, C., 1984 : A large-eddy-simulation model for the study of planetary boundary-layer turbulence, J. Atmos. Sci., 41, 2052–2062.

Morcrette, J. J., L. Smith, et Y. Fouquart, 1986 : Pressure and temperature dependence of the absorption in longwave radiation parametrizations, Contrib. Atmos. Phys., 59, 455–469.

Morcrette, J., 1991 : Radiation and cloud radiative properties in the European Centre for Medium Range Weather Forecasts forecasting system, J. Geophys. Res., 96, 9121–9132.

Moreno, R., et A. Marten, 2003 : Measurements of Zonal Winds on Titan from Millimeter Interferometric Observations, Bull. Am. Ast. Soc., 35, 928.

Penenko, V. V., et N. N. Obraztsov, 1976 : A variational initialization method for the fields of the meteorological elements (English translation), Soviet Meteorol. Hydrol., 11, 1–11.

Pétron, G., C. Granier, B. Khattatov, J.-F. Lamarque, V. Yudin, J.-F. Müller, et J. Gille, 2002 :

Inverse modeling of carbon monoxide surface emissions using climate monitoring and diagnostics laboratory network observations, J. Geophys. Res., 107(D23).

Pierrehumbert, R. T., et R. Roca, 1998 : Evidence for control of Atlantic subtropical humidity by large-scale advection, Geophys. Res. Lett., 25, 4537–4540.

Pleim, J. E., et J. S. Chang, 1992 : A non-local closure model for vertical mixing in the convective boundary layer, Atmosph. Environ., 26A, 965–981.

Prandtl, L., et O. G. Tietjens, Applied hydro- and aeromechanics, Engineering Societies Monographs, Dover Publications, Inc., New-York, 1934.

Prather, M. J., 1986 : Numerical advection by conservation of second order moments, J. Geophys. Res., 91, 6671–6681.

Preiss, N., et C. Genthon, 1997 : Use of a new database of lead 210 for global aerosol model validation, J. Geophys. Res., 102, 25347–25358.

Pudykiewicz, J. A., 1998 : Application of adjoint tracer transport equations for evaluating source parameters, Atmos. Environ., 32, 3039–3050.

Quaas, J., O. Boucher, et F.-M. Bréon, 2004 : Aerosol indirect effects in polder satellite data and the laboratoire de météorologie dynamique-zoom (lmdz) general circulation model, J. Geophys. Res., 109, D08205, doi :10.1029/2003JD004317.

Ramonet, M., J. C. Le Roulley, P. Bousquet, et P. Monfray, 1996 : Radon-222 measurements during the Tropoz II campaign and comparison with a global atmospheric transport model, J. Atmos. Chem., 23, 107–136.

Rannou, P., M. Cabane, et E. Chassefière, 1993 : Growth of aerosols in Titan’s atmosphere and related time scales : a stochastic approach, Geophys. Res. Lett., 20, 967–970.

Rannou, P., M. Cabane, E. Chassefière, R. Botet, C. P. McKay, et R. Courtin, 1995 : Titan’s geometric albedo : Role of the fractal structure of the aerosols, Icarus, 96, 355–372.

Rannou, P., F. Hourdin, et C. P. McKay, 2002 : A wind origin for Titan’s haze structure, Nature, 418, 853–856.

Rannou, P., F. Hourdin, C. P. McKay, et D. Luz, 2004 : A coupled dynamics-microphysics model of Titan’s atmosphere, Icarus, in press.

Raulin, F., et T. Owen, 2002 : Organic chemistry and exobiology on Titan, Space Sc. Rev., 104, 377– 394.

Rayner, P. J., I. G. Enting, R. J. Francey, et R. L. Langenfelds, 1999 : Reconstructing the recent carbon cycle from atmospheric CO_2, δ_{13}C and O_2/N_2 observations, Tellus, 51B, 213–232.

Reddy, M. S., O. Boucher, C. Venkataraman, S. Verma, J.-F. Léon, et a. M. P. N. Bellouin, 2004 :

Gcm estimates of aerosol transport and radiative forcing during indoex, J. Geophys. Res., 109(D16), D16205, doi :10.1029/2004JD004557.

Robertson, L., et C. Persson, On the application of four dimensional data assimilation of air pollution data using the adjoint technique, 1991.

Roe, H. G., I. Pater, B. A. Macintosh, et C. P. McKay, 2002 : Titan’s clouds from gemini and keck adaptive optics imaging, Astrophys. J., 581, 1399–1406.

Rood, R. B., 1987 : Numerical advection algorithms and their role in atmospheric transport and chemistry models, Rev. Geophys., 25, 71–100.

Rossow, W. B., A. D. Del Genio, et T. Eichler, 1990 : Cloud-tracked winds from Pioneer Venus OCPP images, J. Atmos. Sci., 47, 2053–2084.

Rossow, W. B., 1979 : Large–scale motion in the Venus stratosphere, J. Atmos. Sci., 36, 377–389.

Rossow, W. B., 1983 : A general circulation model of a Venus–like atmosphere, J. Atmos. Sci., 40, 273–302.

Russell, G. L., et J. A. Lerner, 1981 : A new finite-differencing scheme for the tracer transport equation, J. Appl. Met., 20, 1483–1498.

Sadourny, R., et K. Laval, January and July performance of the LMD general circulation model, in New perspectives in Climate Modeling, edited by A. Berger et C. Nicolis, Elsevier, 173–197, Amsterdam, 1984.

Sadourny, R., 1975a : Compressible model flows on the sphere, J. Atmos. Sci., 32, 2103–2110.

Sadourny, R., 1975b : The dynamics of finite-difference models of the shallow-water equations, J. Atmos. Sci., 32, 680–689.

Samuelson, R. E., R. A. Hanel, V. G. Kunde, et W. C. Maguire, 1981 : Mean molecular weight and hydrogen abundance of Titan’s atmosphere, Nature, 292, 688–693.

Schumann, U., et C. Moeng, 1991 : Plume fluxes in clear and cloudy boundary layers, J. Atmos. Sci., 48, 1746–1770.

Siebert, P., et A. Frank, 2003 : Source-receptor matrix calculation with a lagrangian particle disperion model in backward mode, Atmos. Chem. Phys. Discuss., 3, 4515–4548.

Sommeria, G., et M. A. LeMone, 1978 : Direct testing of a three dimensional model of the planetary boundary layer against experimental data, J. Atmos. Sci., 35, 25–39.

Sromovsky, L. A., V. E. Suomi, J. B. Pollack, R. J. Krauss, S. S. Limaye, T. Owen, H. E. Revercomb, et C. Sagan, 1981 : Implications of Titan’s north-south brightness asymmetry, Nature, 292, 698–702.

Stull, R. B., 1984 : Transilient turbulence theory. Part I : The concept of eddy-mixing across finite distances, J. Atmos. Sci., 41, 3351–3367.

Stull, R. B., An introduction to boundary layer meteorology, Kluwer Academic Publishers, 1988. Talagrand, O., et P. Courtier, 1987 : Variational assimilation of meteorological observations with the adjoint vorticity equation. I : Theory, Q. J. R. Meteorol. Soc., 113, 1331–1328.

Tiedtke, M., 1989 : A comprehensive mass flux scheme for cumulus parameterization in large-scale models, Mon. Wea. Rev., 117, 1179–1800.

Tokano, T., F. M. Neubauer, M. Laube, et C. P. McKay, 2001 : Three-Dimensional Modeling of the Tropospheric Methane Cycle on Titan, Icarus, 153, 130–147.

Tokano, T., et F. M. Neubauer, 2002 : Tidal Winds on Titan Caused by Saturn, Icarus, 158, 499–515. Toon, O. B., C. P. McKay, T. P. Ackerman, et K. Santhanam, 1989 : Rapid calculation of radiative heating rates and photodissociation rates in inhomogeneous multiple scattering atmospheres, J. Geophys. Res., 94, 16,287–16,301.

Toublanc, D., J. P. Parisot, J. Brillet, D. Gautier, F. Raulin, et C. P. McKay, 1995 : Photochemical modelling of Titan’s atmosphere, Icarus, 113, 2–26.

Tourte, J.-L., Modélisation numérique de la circulation de l’atmosphère de Vénus, Thèse de docteur -ingénieur, Université Pierre et Marie Curie, Paris, 1984.

Tran, B. N., J. P. Ferris, et J. J. Chera, 2003 : The photochemical formation of a Titan haze analog.

Structural analysis by x-ray photoelectron and infrared spectroscopy, Icarus, 162, 114–124. Troen, I., et L. Mahrt, 1986 : A simple model of the atmospheric boundary layer : Sensitivity to surface evaporation, Boundary-layer Meteorol., 37, 129–148.

Uliasz, M., et R. A. Pielke, Application of the receptor oriented approach in mesoscale dispersion modeling, 1991.

H. Van Dop et K. Nodop (Eds.), ETEX, A european tracer experiment, vol. 32 of Atmos. Enrionn.

special issue, pp. 4089–4378, 1998.

Van Leer, B., 1977 : Towards the ultimate conservative difference scheme : IV. a new approach to numerical convection, J. Computational Phys., 23, 276–299.

Van Leer, B., 1979 : Towards the ultimate conservative difference scheme. V. a second-order sequel to Godunov’s method, J. Computational Phys., 32, 101–136.

Vautard, R., M. Beekmann, J. Roux, et D. Gombert, 2001 : Validation of a hybrid forecasting system for the ozone concentrations over Paris area, Atmosph. Environ., 35, 2449–2461.

Veron, A., T. M. Chruch, C. C. Patterson, Y. Erel, et J. T. Merril, 2000 : Continental origin and industrial sources of trace metals in the northwest Atlantic troposphere, J. Atmos. Chem., 14, 339– 351.

Vukićević, T., M. Steyskal, et M. Hecht, 2001 : Properties of advection algorithms in the context of variational data assimilation, Mon. Wea. Rev., 129, 1221–1231.

Vukićević, T., et P. Hess, 2000 : Analysis of tropospheric transport in the paicfic bassin using the adjoint technique, J. Geophys. Res., 105, 7213–7230.

Wang, S., et B. Stevens, 1996 : Top-Hat Representation of Turbulence Statistics in Cloud-Topped Boundary Layers : A Large Eddy Simulation Study., Nature, 382, 528–531.

Weckwerth, T. M., J. W. Wilson, R. M. Wakimoto, et N. A. Crook, 1997 : Horizontal convective rolls :

determining the environmental conditions supporting their existence and characteristics, Mon. Wea. Rev., 125, 505–526.

Williams, A. G., et J. M. Hacker, 1992 : The composite shape and structure of coherent eddies in the convective boundary layer, Boundary-layer Meteorol., 61, 213–245.

Williams, A. G., et J. M. Hacker, 1993 : Interactions between coherent eddies in the lower convective boundary layer, Boundary-layer Meteorol., 64, 55–74.

Williams, A. G., Internal structure and interactions of coherent eddies in the lower Convective Boundary Layer, Ph.D. thesis, Flinders University of South Australia, 1991.

Wilson, E. H., et S. K. Atreya, 2003 : Chemical sources of haze formation in Titan’s atmosphere, Planet. Space Sci., 51, 1017–1033.

Woodward, P. R., et P. Colella, 1981 : High resolution difference schemes for compressible gaz dynamics, Lect. Notes Phys., 141, 434–441.

Woodward, P. R., et P. Colella, 1984 : The numerical simulation of two-dimensional fluid flow with strong shocks, J. Computational Phys., 54, 115–173.

Yabe, T., R. Tanaka, T. Nakamura, et F. Xiao, 2001 : An exactly conservative semi lagrangian scheme (CIP-CSL) in one dimension, Mon. Wea. Rev., 129, 332–344.

Yamada, T., 1983 : Simulations of nocturnal drainage flows by a q^2l turbulence closure model, J. Atmos. Sci., 40, 91–106.

Yelle, R. V., 1991 : Non-LTE models of Titan’s upper atmosphere, Astrophys. J., 383, 380–400.

Zhang, X.-F., A. W. Heemink, L. H. J. M. Janssen, P. H. M. Janssen, , et F. J. Sauter : A computationally efficient kalman smoother for the evaluation of ch4 budget in europe, Appl. Math. Mod., 23, 109–126.