
[image: image1.jpg]SCIENCES DE LA TERRE ET DE L'ENVIRONNEMENT ET PHYSIQUE DE L'UNIVERS, PARIS
Ecole Doctorale STEP UM - PGP - 1, rue Jussieu - 75238 Paris cedex 05
Tel.: +33(0)1.83.95.75.10 - Email : scolEd@ipgp.fr




Subject title: Short- and long-term dynamics of the Taklamakan Desert from remote sensing and climate model data
Advisor: NARTEAU Clément, Pr
email address : narteau@ipgp.fr
Second Advisor/ Supervisor: BARRIER Laurie, MCF
email address : barrier@ipgp.fr
Host lab/ Team : IPGP – Team Tectonique et Mécanique de la Litoshpère – UMR7154
Financing: Doctoral contract with or without teaching assignment
Presentation of the subject:
Landscapes mainly shaped by aeolian sediment transport cover almost a quarter of the continental surface on Earth. These aeolian landscapes are regions of massive blown sand and dust emission, which have a major influence on large-scale continental, atmospheric, and oceanic conditions that critically impact climate, life, and human activities. More than the others, aeolian landscapes are also vulnerable to modifications in surface hydrology and climate changes. In the context of the ongoing global change, it is therefore crucial to improve our current understanding of their morphodynamics and to better manage their societal impact (erosion or burial of the arable lands and infrastructures, health issues due to atmospheric dust, etc.). In this regard, taking advantage of the recent advances in remote sensing opportunities and dune physics, we propose to analyze the present-day, recent and past evolution of an outstanding sand sea displaying dunes of all sizes and shapes that are representative of the diversity of wind regimes and sediment availability encountered on Earth: the Taklamakan Desert in Central Asia (Tarim Basin, China).
The aim of this PhD is to investigate the morphodynamics of this desert over meteorological (from hours to years), climatic (from decades to centuries), and geological (from millennia to millions of years) time scales. For this, the selected candidate will adopt a multi-disciplinary, integrated and quantitative approach by coupling remote sensing, geomorphology, sedimentology, sediment transport physics, geochronology and climate modelling. She/He will implement this approach through an original strategy involving observation and quantitative analysis from remote-sensing data, as well as a characterization of the present-day and past wind conditions mainly based on numerical climate modelling.
The core of this PhD project will be the qualitative and quantitative characterization of the short- and long-term desert dynamics from CNES satellite images (Sentinel, SPOT and Pléiades), digital surface models derived from these images using photogrammetry solutions, and the Copernicus digital elevation model GLO-30. Based on these data, the candidate will quantitatively map the present-day spatial features of the dune patterns (shape, wavelength, orientation, etc.) and their organisation across the sand sea. To quantify the temporal evolution of these dunes at short time scales (months to years), he/she will survey the Pléiades database to assemble time series of images and high-resolution (a few metres) digital surface models, asking for new data acquisitions in zones of critical importance if needed. Based on the gathered data sequences, differential topography comparisons will be carried out to assess local sediment budgets and the associated short-term sediment fluxes (Lucas et al., 2015). To reconstruct and quantify the sand sea evolution over longer time scales, the candidate will also use the CNES data, together with other free medium-resolution (a few tens of metres) digital elevation models (e.g., SRTM3, SRTM3 or AW3D30), to quantitatively map the morpho-sedimentary markers of the recent and past desert changes such as paleo-lakes and paleo-rivers covered by dunes or abandoned sedimentary surfaces incised by yardangs. Based on paleo-topography reconstructions from these markers, she/he will assess regional sediment budgets and the associated long-term fluxes subsequent to the observed changes (Chanteloube et al., in. prep.).
To complete the analysis of the Taklamakan Desert dynamics from remote sensing data, their short- and long-term controls will also be investigated using databases from numerical climate and paleo-climate simulations from the ERA5 project, and CMIP-PMIP programs. Mining these databases, the candidate will characterize the present-day, recent and past aridity conditions and wind activity throughout the studied area at meteorological (precipitations, wind speeds and directions), climatic (aridity index, wind modalities), and geological (aridity level, atmospheric circulations strength and pathways) time scales. He/She will be then able to assess the controls of these parameters on the dune dynamics at different length scales. Eventually, these controls highlighted from climate models will be confronted to the observed dune morphodymamics using recent models in dune physics and independent constraints on the wind regimes and sediment availability (Courrech du Pont et al., 2014; Gao et al., 2015).
The results obtained from the different sets of data (remote sensing and numerical climate modelling) will thus cover a wide range of length and time scales, from the dynamics of individual dune to the evolution of the whole Taklamakan sand sea. Such an exceptional natural laboratory will provide a better knowledge of the role of wind transport processes in the construction of aeolian landscapes, which are also ubiquitous on other celestial bodies such as Mars and Titan.
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