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Résumé

Observations of stable water isotopologues in et troposphere provide valuable insights into the
condensation and evaporation history of water vapbe provision of such data with sufficient veatic
resolution in the lower troposphere (0—3 km) hetpsnprove our understanding of basic processesdikud
formation, moist convection and mixing and it offehe potential to increase the accuracy in thdigtiens
made by atmospheric general circulation modelspDeshe progress in remote sensing from the graumdi
from space, retrievals from passive sensors areepto biases and lack the vertical resolution megufor
water cycle studies in the lower troposphere.

The aim of this thesis is to investigate an acte®ote sensing approach based on the differeriigdrption
lidar (DIAL) method to measure both the water vapmin isotopologue H%0 and the semi-heavy water
isotopologue HEPO. The expected performance of such an instrunrenerms of random and systematic
errors was first analyzed using simulations acdagnfor instrumental and atmospheric parameterse Th
theoretical analysis showed that the spectral ramgend 1.98 um is suitable for DIAL profiling o%190 and
HD0 and that range-resolved measurements requir@ablti laser in that wavelength range with pulse
energies of tens of mJ. To fulfill this requiremeatparametric laser source based on a nested-aptital
parametric oscillator and an optical parametric l#ogation stage using state-of-the-art high-apestu
periodically poled potassium titanyl phosphate (FPKcrystals was implemented. It delivers widelgahle
(1.95-2.30 um) single-frequency radiation with gres up to 9 mJ for 12 ns pulses at a repetitit@ ok
150 Hz. Using the developed laser source, DIAL mesaments of H°0 and HB®0 in the atmospheric
boundary layer were conducted in direct-detecti@aenin the frame of several measurement campdignas
shown that with the developed lidar setup, isotogoé measurements with meaningful precision ariddrto
the first few hundred meters above the ground. droexe measurements with range resolution and goeci
suitable for water cycle studies within the enboeindary layer, further instrumental improvementgerms of
laser energy and reduced detection noise are ragges$or this purpose, a further step is proposediie
design and pre-development of a lidar setup capafbéehieving a higher sensitivity thanks to aniropted
double-stage amplification scheme for the lasersimatter that should allow to reach output energi® mJ.
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