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a. State of the art
In spite of significant progress and massive efforts (a review of the literature would largely exceed the length limits of
the proposal), evolution of water vapor, clouds and precipitations remain a weak point of weather forecasts, especially
long-term ones, while predictions of climate models are notoriously divergent in this respect. Thermodynamics of the
moist air including phase transitions is complicated, and water cycles in the atmosphere are usually represented with
the help of simplified parameterizations. The essentially nonlinear, switch character of condensation and related latent
heat release poses specific problems in modeling the effects of humidity. This intrinsic mathematical difficulty,
together with the overall complexity of the general circulation models make difficult the quantification of the influence
of the condensation and vaporisation processes upon the large-scale long-time dynamics and related circulation
patterns and, as a consequence, a proper assessment of the impacts of climate change. A new class of simplified
multi-layer moist-convective models [1,2] provides an optimal compromise between fidelity and simplicity of
representation of the moist processes in large-scale atmospheric dynamics. These conceptual models represent a useful
alternative/complement both to the meso-scale and general circulation models, and can be used both at synoptic scale
on mid-latitude and equatorial tangent planes, and at planetary scale on the whole sphere. An efficient, mathematically
consistent and easy implementable front-resolving numerical scheme was developed for these models, allowing, in
addition, for consistent incorporation of topography. Its one- and two-layer versions were successfully tested,
respectively, for reproduction of the life-cycles of the moist barotropic and baroclinic instabilities [3,4], and for
understanding the role of moisture in the development of instabilities of tropical cyclones [5]. In these works the
simplest version of the model was used, where only water vapor condensation and related latent heat release was taken
into account, the liquid water, as well as vaporisation and related cooling being dropped out. These latter effects, as
well as entrainment of water by convective updrafts, are included in the “improved” version of the model, rendering
representation of moist convection more realistic [6]. At the same time, horizontal temperature gradients, lacking in
standard shallow water model, can be included in the framework of so-called “thermal shallow water” model, giving a
possibility to couple the atmospheric model with sea-surface temperature. Thus obtained moist-convective shallow
water model will be applied in order to provide a rough, but robust, quantification of the effects of moisture upon
dynamics in various moist-convective phenomena, including propagation and intensification of tropical cyclones,

dynamical mechanisms behind the Madden-Julian Oscillation, and self-organization of convection at large scales. The
model will be also used to develop and test the data assimilation schemes in the presence of moist convection, which is
a notoriously difficult problem, and is worth approacing within a simplified model.
b. Objectives
To quantify the influence of condensation and vaporisation upon dynamics of waves, jets and vortices in tropics,
including interactions of tropical waves with topography, resonant interactions of tropical waves and tele-connections
mid-latitudes – tropics, instabilities of jets and vortices, and formation of coherent structures, including
self-organisation of convection. To develop prototype schemes of data assimilation with moist convection.
c. Methodology and possible choices
Depending on the orientation and desiratum of the candidate the subject of the proposal can be narrowed to a specific
sub-class of dynamical phenomena, or to furter development of the model and numerical and data assimilation
schemes, and the accent can be made on theoretical or numerical aspects, using the methods and numerical schemes
developed and applied by the supervisor and collaborators (see e.g. [5, 7] for stability studies, and [8 - 10] for
theoretical approaches).
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